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THE RUBBER EMERGENCY 
NEED FOR AN EMERGENCY SOURCE OF RUBBER 

In 1939 the United States consumed 592,000 long tons of natural 
rubber, 53 percent of the world total. By 1941 the demands of lend- 
lease, the military forces, and an expanded civilian economy had 
increased annual consumption to 775,000 long tons. Despite this 
increased demand a stock pile of 630,300 long tons was amassed by 
April 1942 (12).2 However, by this time Japanese conquests had 
cut off 90 percent of the available supply. During the years just 
previous, 97 percent of the world's rubber had come from hevea 
plantations in the Far East, including Ceylon. The remaining 3 
percent was obtained from hevea elsewhere and such secondary 
sources as castilla and guayule and included a negligible quantity of 
synthetic rubber. 

It was recognized early in 1942 that the stock pile of natural rubber 
would be inadequate to meet the demands, and that substitutes for 
hevea rubber in the form of natural rubber from other plants and of 
synthetic rubber must be found or developed at the earliest possible 
date. 

1 This compilation is based directly on the report of H. Basil Wales, Field 
Director, Emergency Rubber Project, Kok-saghyz, Forest Service, which is in 
turn a summary of reports of Forest Service project and experiment station 
personnel; and the reports of Clarence E. Steinbauer, Crop Research Leader, 
Rubber Plant Investigations, Bureau of Plant Industry, Soils, and Agricultural 
Engineering; Roderick K. Eskew, Head, Chemical Engineering and Development 
Division, Eastern Regional Research Laboratory, Bureau of Agricultural and 
Industrial Chemistry; and of other field and research organizations. 

Data from the original reports have been amended, annotated, and interpreted 
in the light of developments subsequent to their preparation. 

The introductory sections on The Rubber Emergency and The Discovery and 
Development of Kok-saghyz by the Russians have been written in part by E. W. 
Brandes, Head Pathologist, Rubber Plant Investigations, Bureau of Plant 
Industry, Soils, and Agricultural Engineering. 

2 Numbers in parentheses refer to references cited in bibliography, p. 184. 
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To understand and evaluate properly the investigations of possible 
emergency sources of rubber made during the war years, one must 
consider these investigations against the background of the need for 
rubber and the earlier planning and work done to insure rub- 
ber supplies. 

DEVELOPMENTS   PRIOR   TO   THE   FORMULATION   OF   A 
NATIONAL RUBBER POLICY 

The magnitude of the problem presented by the Japanese conquest 
of Malays and the Netherlands East Indies can be visualized when it is 
remembered that, in terms of dollars, rubber was for several years 
before the war America's number one agricultural import. With Far 
Eastern sources of this strategic material cut off and supplies virtually 
nonexistent in other parts of the globe, the task at hand was nothing 
less than obtaining elsewhere, and in desperate haste, the vital sub- 
stance that supported a group of the world's large important industries 
manufacturing absolutely necessary military and civilian goods. 

Thanks to American commercial interests there were outside of the 
conquered area scattered rubber-growing enterprises, both producing 
and experimental, in North America, South America, and Africa. 
Exploitation of wild guayule rubber was begun by the Intercontinental 
Rubber Company in northern Mexico early in the present century. 
This same company established plantings of guayule in Arizona and 
later at Salinas, California, where a commercial extraction factory 
was erected. This venture was still in existence on a modest scale 
when the war began. 

During the later years of his life Thomas A. Edison carried out a 
series of experiments with rubber-bearing plants to determine specifi- 
cally whether there might be some plant adapted to growth in the 
United States and which might in an emergency be grown and har- 
vested annually by mowing or other mechanical means. Edison 
finally selected goldenrod as most promising. At his death his 
collection of selected goldenrod varieties was given to the United 
States Department of Agriculture for further trials. 

The Ford Motor Company and the Goodyear Rubber Plantations 
Company had established the beginnings of hevea rubber plantations 
in Brazil and Central America, respectively, and, in a more notably 
successful venture the Firestone Rubber Company had developed a 
producing rubber plantation in Liberia. 

In 1939 these few enterprises essentially represented the total of 
American commercial efforts in natural rubber production in areas 
destined to remain in Allied hands. Except the attempt to produce 
cultivated guayule, not one of any consequence was located in the 
United States. 
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The strategic importance of building up a revolving stock pile of 
rubber under Government control had been recognized in 1938 by the 
Department of Agriculture and the War Department. The trading 
of surplus cotton for rubber was proposed by Secretary of Agriculture 
Wallace on April 10, 1939, and a bill was introduced in Congress 
July 21 authorizing such a barter project. Under the provisions of 
this bill, passed August 11, 1939, 600,000 bales of cotton were traded 
for 90,000 tons of rubber which formed the nucleus of the emergency 
stock pile. 

Further active steps toward insuring a supply of rubber were taken 
in June 1940 when Congress authorized, mainly on the basis of recom- 
mendations by the Departments of State and Agriculture, an expanded 
investigation by the Department of Agriculture. This investigation 
was to be directed toward the development of rubber production in 
the Western Hemisphere, including production, breeding, and disease 
research, surveys of potential rubber-producing areas, and establish- 
ment and operation of experiment and demonstration stations in 
suitable locations. The funds made available to the Department were 
allocated to the Bureau of Plant Industry and greatly increased the 
scope of that Bureau's heretofore modest investigations on rubber 
production. 

The initial work under this appropriation emphasized the study and 
plantation development of the Para rubber tree in the western tropics 
as a long-term program. When war engulfed the United States a year 
later part of the emphasis was shifted to potential domestic emergency 
rubber crops. 

Along with the programs for natural rubber came demands for action 
in the development of synthetic rubber. In May 1941 construction of 
synthetic rubber plants with an annual capacity of 40,000 tons of 
GR-S (butadiene-styrene type) was begun. Then in June a bill was 
introduced in Congress which provided for planting 45,000 acres of 
guayule in the United States. 

The directors of the Intercontinental Eubber Company offered to 
sell to the United States their entire holding including their extraction 
mill, field plantations, nurseries, and seed, together with patents, 
experimental data, and records. 

Increased exploitation of wild rubber was initiated in December 
1941 by the Office of the Coordinator of Inter-American Affairs work- 
ing in close collaboration with the Department of Agriculture. Later 
this responsibility was taken over by the Rubber Development Corpo- 
ration. During the years 1942-44, inclusive, this effort provided more 
than 100,000 tons of natural rubber for emergency needs of the United 
States. 
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FORMULATION OF A NATIONAL RUBBER PROGRAM 

The dependence of the United States on far distant sources of 
natural rubber became a cause for immediate concern with the out- 
break of the war in Europe, and as the conflict spread this concern 
increased. 

Persons acquainted with the problems of supply and usage of natural 
rubber recognized the selective nature of the legitimate demands upon 
the limited stock pile and the fact that reliance had to be placed not 
upon any one potential source of natural rubber but upon all sources 
that might fill specified integral parts of the need at the critical times. 
A listing of potential sources and a progressive timetable according to 
which rubber from these sources might be made available to meet the 
demands was prepared in the Department of Agriculture and dis- 
tributed to other Government agencies in December 1941. 

This timetable, which helped to crystallize later practical actions, 
recognized that chief dependence had to be placed upon synthetic 
rubber for timely production in quantity and upon natural rubber for 
special indispensable uses and for compounding with synthetic. It 
was clear that the meager resources of plantation hevea rubber in 
Africa would fall far short of meeting the need for indispensable natural 
rubber and attention was given two other sources, the increased 
exploitation of wild rubber in Mexico and tropical America and the 
production of rubber by cultivation of emergency rubber crops. In 
the timetable the prospect of filling the demand from the sources in 
this order was set forth and the schedule of potential rubber produc- 
tion was projected to the year 1950 on the assumption that the war 
and the need might continue unabated until that time. 

Supplies of rubber from these emergency crop sources were begin- 
ning to become available when the progress of the war reached a point 
permitting a decrease in the estimated military requirements. Had 
the war continued longer, maintenance of the natural rubber stock pile 
would have depended principally on these hastily developed emergency 
crops. 

Although in the early days of this country's involvement in the war 
there was no over-all national rubber policy, the crisis did not find the 
Nation wholly unprepared, or without resources in the nature of 
individual far-seeing statesmen, experienced rubber technicians, and 
others capable of anticipating and meeting with reasonable success the 
problems of rubber procurement. Timely action resulting from their 
recommendations did provide for the minimum critical military 
requirements until appreciable quantities of synthetic rubber became 
available. 

Before the question of rubber supplies took on the appearance of 
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chaos, several steps had been taken to insure meeting the minimum 
requirements for natural rubber. 

As a result of an over-all consideration of sources of rubber and the 
need for coordination of rubber procurement efforts by Federal 
agencies, an attempt was made early in 1942 to bring about the integra- 
tion of Government programs for the production of synthetic rubber 
in quantity and provision of necessary amounts of natural rubber to 
vitalize and extend the usefulness of the synthetic-natural rubber mix- 
tures. This attempt took the form of a resolution submitted in the 
House of Kepresentatives March 11, 1942, by Congressman Ross 
Collins, calling for "an immediate consolidation under a capable 
director of all existing Federal agencies having to do with the produc- 
tion, directly or indirectly, of natural and synthetic rubber." 

This resolution eventually focused attention on the growing need for 
unity in the Government agencies having to do with rubber production. 
On August 6 of the same year a committee of inquiry was appointed 
by the President to survey the rubber situation and "include not only 
facts with respect to existing supplies and estimates as to future needs 
but also the question of the best methods to be followed for obtaining 
an adequate supply of rubber for our military and essential civilian 
requirements." 

A report from this committee, whose deliberations had centered 
mainly around the need for synthetic rubber production in quantity, 
was made by the chairman, Bernard M. Baruch, to the President 
September 10,1942 (5). It included recommendations for the conserva- 
tion of tires for essential civilian use by rationing of gasoline and by 
limiting speed of civilian passenger cars and trucks to 35 miles per 
hour, for rapid development of synthetic rubber in quantity, and for 
increase of natural-rubber production from all available sources. It 
also recommended a complete reorganization and consolidation of the 
Government agencies concerned with the rubber program and appoint- 
ment by the Chairman of the War Production Board of a Rubber 
Administrator to whom would be delegated full and complete author- 
ity in all matters relating to rubber, including research, development 
and construction and operation of synthetic-rubber plants. 

In accordance with a Presidential Executive Order of September 17, 
1942, which followed the recommendation of the Baruch Committee, 
the Chairman of the War Production Board appointed a Rubber 
Director to consolidate the work of the Government agencies con- 
cerned with the rubber program. The Office of the Rubber Director 
gave almost exclusive attention to the production of synthetic rubber 
and only secondary attention to the production of natural rubber, 
which, however, was recognized in its reports as essential for military 
and "heavy duty" requirements. 
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The stock pile, the plantation rubber from Liberia and Ceylon, 
and the wild rubber from the tropics and northern Mexico together 
were found by the committee to be insufficient in the light of expected 
military and essential civilian demands for natural rubber if the war 
should continue beyond 1945. Still other sources would be needed 
and steps were taken to produce rubber from plants which could be 
grown within the continental United States. 



ESTABLISHMENT   OF   THE   EMERGENCY   RUBBER 
PROJECT 

THE   ORGANIZATION    OF   KOK-SAGHYZ   INVESTIGATIONS 

By Act of Congress, approved March 5, 1942 (Public Law 473— 
77th Congress), the Secretary of Agriculture was authorized to pur- 
chase the property of the Intercontinental Rubber Company, to 
proceed with the production of guayule, and "to exercise with respect 
to rubber-bearing plants other than guayule the same powers as are 
granted    *    *    *    with respect to guayule/'    [Italics are authors'.] 

The Secretary's memorandum 991, dated March 12, 1942, desig- 
nated the Forest Service as the Department agency responsible for 
the administration of the program and directed the Bureau of Plant 
Industry to undertake the necessary research (4#jp). The Forest 
Service was authorized to call on any other bureaus in the Depart- 
ment whose services were necessary or desirable. The Bureau of 
Agricultural and Industrial Chemistry was requested to conduct 
research on extraction and rubber evaluation, and the Bureau of 
Entomology and Plant Quarantine, studies in insect control. 

Under the authority of the aforementioned law, the Department 
of Agriculture made plans for an extensive program of investigation 
and field tests of kok-saghyz, the so-called Russian dandelion, as an 
emergency source of rubber and submitted them for approval of the 
policy-making agencies. 

A summary {35p) was prepared giving the results of the tests initi- 
ated by the Bureau of Plant Industry and the Forest Service in May 
1942 when a shipment of kok-saghyz seed was received in this country. 
A prospectus was also prepared outlining the results of those tests 
and including a plan for possible expanded production by utilizing 
all the planting materials then on hand {4%V)- This prospectus was 
presented by the Secretary of Agriculture to the Rubber Director, 
War Production Board, in January 1943. The Rubber Director was 
asked for a decision whether the current and projected military and 
civilian needs for natural rubber made desirable the initiation of a 
kok-saghyz program as an emergency measure of rubber insurance. 

The Rubber Director, however, decided that further experimenta- 
tion and-research upon plantings of several hundred acres should be 
undertaken in 1943 so that the problems of production might be 
adequately  determined.    He  deferred  decision  on  the  production 
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program until results obtained from large-scale 1943 field experiments 
had been evaluated. 

Immediately upon receipt of the Kubber Director's decision, repre- 
sentatives of cooperating bureaus of the Department of Agriculture 
worked out the guiding details of the organization and an enlarged 
experimental program involving field-scale production and research 
on the adaptability of kok-saghyz, development of cultural methods 
and machinery, extraction processes up to the pilot plant stage of 
operation, and related problems. 

The Forest Service designated the Regional Forester at Milwaukee, 
Wis., responsible for planning, organizing, and administering the 
program and for integrating the production trials with the experi- 
mental and research phases to be conducted by the cooperating agen- 
cies. The work under the Regional Forester was to be handled by a 
field director appointed by and responsible to him. The Director of 
the Lake States Forest Experiment Station was designated as the 
liaison officer between the Regional Forester and the other Forest 
Experiment Stations concerned with the program. 

The Bureau of Plant Industry, to which was delegated responsi- 
bility for research within its field, designated a crop research leader 
and set up a field station at University Farm, St. Paul, Minn., in co- 
operation with the University of Minnesota. Soil studies were con- 
ducted under direction of a soils advisor with headquarters in Belts- 
ville, Md. Machinery development was also carried on at Beltsville 
under guidance of an agricultural machinery adviser, who operated 
from summer headquarters in St. Paul. 

Processing and extraction research was assigned by the Bureau of 
Agricultural and Industrial Chemistry to the Director of the Eastern 
Regional Research Laboratory in Philadelphia, Pa. 

Regions having what were then thought to be requisite soil and 
climatic conditions were surveyed for representative areas in which to 
establish large scale production tests. In these surveys attention was 
given to availability of land and labor, and to other economic factors 
as well as to facilities for carrying on the projected experiments. 
The following distribution of field test planting was decided upon: 
Vermont, 10 acres; New York, 60 acres; Michigan, 120 acres; Wiscon- 
sin, 40 acres; Minnesota, 400 acres; Montana, 60 acres; Oregon, 
60 acres. There was also to be a carryover of 1942 plantings, dictated 
by the availability of good stands, as follows: Manistique, Mich., 
20 acres; Cass Lake, Minn., 30 acres; Miles City, Mont., 1 acre; 
Missoula, Mont., 1 acre; and Savenac, Mont., 1 acre. 

In addition to plantings at these locations, smaller indicator plant- 
ings were to be made at several other places.    The program was de- 
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signed to determine further the adaptability of the plant and to dis- 
cover the problems of growing the plant on a large scale, harvesting it, 
and extracting the rubber. It was also hoped that the yield and 
quality of rubber, as well as costs of production, might be determined. 
As additional objectives, the program was to produce sufficient roots 
to supply a pilot mill and seed to permit rapid expansion. 

A detailed description of the organization of the Emergency Rubber 
Project (kok-saghyz) is given in Wales' report (^j)). Wales includes 
a historical summary of the legislation and appropriations which 
authorized and financed the project, together with a summary of its per- 
sonnel structure, outlining in detail the various interagency coopera- 
tions involved. He also gives attention to the public relations phases 
of the project. 

KOK-SAGHYZ AS A SOURCE OF RUBBER 

Russian experience with kok-saghyz, at least in its main aspects if 
not in detail, was known to individuals in the Bureau of Plant Indus- 
try in the early 1930's. L. G. Polhamus of that bureau had discussed 
the work, then in its incipiency, with the Russian botanist Vavilov 
during a visit of the latter to the United States and had requested 
seed which, however, was not obtained. In 1938 E. W. Brandes of the 
Bureau of Plant Industry inspected greenhouse and field plantings of 
kok-saghyz in Leningrad with Vavilov. At that time the outlook for 
the crop in the U. S. S. R. was still clothed with uncertainty and further 
negotiations for seed were without success. The information gained 
through the establishment and maintenance of first-hand contacts 
with Russians and Americans in the U. S. S. R. proved useful when in 
late 1941 the practical problem of obtaining seed arose. 

Initiation of the intensive investigation of Kok-saghyz in the 
Western Hemisphere reported in this publication began with the 
importation of 187 pounds of seed which arrived in Washington in 
May 1942 by air from!Kuibyshev. The seed procurement and its 
immediate distribution by air to 60 stations for comparative tests in 
the New World is described by Brandes {lia). 

The success of these early adaptability tests (35p), made with this 
first shipment of seed, and the availability of larger supplies of seed 
later on encouraged the Department of Agriculture to recommend the 
field-scale experimental program which was approved. 

Wartime American experience with kok-saghyz as a potential emer- 
gency source of rubber constituted a unique plant introduction and test- 
ing program. In breadth of conception, both as to geographic scope 
and intensity of the program of research and testing conducted under 
pressure of time limitations, it is unexampled in the annals of plant 
introduction. 
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PREFACE 

Inasmuch as no kok-saghyz had been grown in this country before 
early 1942 and as almost no background information about the grow- 
ing of kok-saghyz for rubber production was available, the value of 
recording detailed data was recognized when the Emergency Rubber 
Project was started. Provision was made for collection, tabulation, 
and evaluation of such data and for preparation of reports by members 
of the project as well as by cooperating individuals and agencies. 
Frequent review of these field and laboratory reports furnished a back- 
ground for planning the developing program. 

The periodic reports of the project's field personnel and associated 
investigators were assembled and evaluated [shortly after the close 
of the field program by the Field Director in a mimeographed 
report, The Production of Kok-saghyz as a Source of Emergency 
Rubber. Careful weighing of all the data in this and other original 
reports and their examination in retrospect, without need for reference 
to the demands and pressures of wartime situations, gives a markedly 
different aspect to certain of the suggestions and conclusions. 

This publication is a summary of the investigations conducted 
between early summer 1942 and June 1944, when the attempt at large 
scale experimental production of kok-saghyz was terminated. It is 
primarily a record of field-scale production tests conducted by the 
Forest Service and allied research by the Bureau of Plant Industry, 
Soils, and Agricultural Engineering; Bureau of Agricultural and In- 
dustrial Chemistry; Bureau of Entomology and Plant Quarantine; 
and several colleges, universities, State experiment stations, and 
other cooperating agencies and individuals. It is intended to serve 
as a general reference, an index of kok-saghyz publications, and a 
guide to future investigation of kok-saghyz. 

Of the numerous articles describing Russian investigations of kok- 
saghyz only a few have been cited directly as references. Many more 
are listed in the bibliography. Translations of some of these Russian 
papers are available in the library of the United States Department of 
Agriculture, Washington, D. C. 

While many results of Russian investigations had been published 
before 1942, the unfamiliarity of American scientists with Russian 
publications and the difficulties involved in obtaining material, 
particularly during the years before the war, resulted in a dearth of 
knowledge concerning the only work which had been done with kok- 
saghyz.    Difficulties in this line were accentuated by delay in trans- 

iii 
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lating and distributing publications received before initiation of the 
project and during its early months. 

It is also unfortunate that the questions concerning production of 
kok-saghyz which were presented to the U. S. S. R. by the American 
Rubber Mission in the winter of 1942-43 and to Dr. P. S. Makeev, 
Vice Commissar for Natural Rubber in the U. S. S. R., following his 
visit to the project in the spring of 1943, remained unanswered. The 
information covered by these questions would have been particularly 
valuable during the field tests. 

The detailed reports of the project and cooperating agencies and 
individuals which are listed in the bibliography are available for 
examination in the library of the United States Department of 
Agriculture, Washington, D. C. Many of these reports contain 
specialized information which has not seemed of sufficient general 
interest to warrant inclusion in this summary. 

In compiling this general report free use has been made of the 
individual reports of all the members of the project and cooperating 
investigators. In each case credit has been given by name and 
bibliography reference number so that the findings or conclusions of 
the particular individual may be readily identified. 

Reports on specific phases of kok-saghyz research appearing sub- 
sequent to publication of this general summary may be obtained by 
contacting the individual agencies conducting the research. 

The compilers have had invaluable assistance in the form of guiding 
suggestions and critical reviews from a review board consisting of 
G. R. Salmond, Executive Officer, Emergency Rubber Project, Forest 
Service; W. R. Chapline, Division of Research, Forest Service; David 
H. Price, Chemical Engineer, Bureau of Agricultural and Industrial 
Chemistry; E. W. Brandes, Head Pathologist, Rubber Plant Inves- 
tigations, L. G. Polhamus, Principal Agronomist, Rubber Plant 
Investigations, J. K. Ableiter, Division of Soils, and R. B. Gray, 
Division of Farm Power and Machinery, Bureau of Plant Industry, 
Soils, and Agricultural Engineering. 

Acknowledgment is also due to Gleb Krotkov of the Department 
of Botany, Queen's University, Kingston, Ontario, Canada, for his 
interest and assistance, in which he combined his knowledge of 
Russian and of the plant to make careful reviews of the Russian 
publications on kok-saghyz. 
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THE GENERAL RESULTS OF THE  EMERGENCY  PROGRAM 

The results of the investigation indicate that kok-saghyz grows well 
over large areas in the United States and produces rubber of essentially 
the same high quality as hevea. However, the seed obtained from 
Russia produced plants so variable in form, habit of growth, and 
rubber content, with the average rubber yield so low, that costs of 
rubber production were excessively high. It was early apparent that 
the seed obtained from Russia represented essentially "wild" planting 
material, improved little or not at all over the plant as originally 
discovered. 

Although the majority of plants grown were weak and contained 
relatively little rubber, selections of vigorous, high-yielding plants 
were made. Propagation of these selected strains, further improved 
by continued selection and breeding, is greatly increasing plant vigor 
and rubber yields, thereby making possible production at lower costs. 
Increased mechanization and improvement of cultural methods may 
be expected to lower costs still further. 



DISCOVERY AND DEVELOPMENT OF KOK-SAGHYZ 
BY THE RUSSIANS 

DISCOVERY OF KOK-SAGHYZ 

The history of kok-saghyz begins in 1929 with the far-reaching 
investigations of Vavilov on the varietal composition of cultivated 
plants, their centers of origin and wild progenitors. These investiga- 
tions were intended to explore the possibility of improving crop plants 
and of making the U. S. S. R. self-sufficient in strategic materials 
including vitally necessary rubber. Among the foreign and local 
expeditions of the Institute of Applied Botany (Leningrad), planned 
and in considerable part carried out by Vavilov, was a survey and 
study of plants of Central Asia made in 1931. Kok-saghyz was 
discovered by Rodin, a member of this expedition, on a high plateau 
of the Tien Shan Mountains in Kazakstán just east of Alma Ata (#). 
By 1932 about 150 native and introduced rubber-bearing plants 
had been assembled and examined. Of these, kok-saghyz and 79 
others were considered worthy of further study (22jp). 

EFFORTS TO DOMESTICATE AND  IMPROVE  KOK-SAGHYZ 

After the collection of these rubber-bearing plants, studies were 
begun to determine the possibility of growing them in Russia as crops 
and to work out techniques of cultivation and production. By 1935 
it was apparent that kok-saghyz was the most promising plant, and 
efforts were started to introduce it into cultivation on a wide scale. 

In the judgment of the Russian scientists this plant combined 
the essential qualities of adaptation to conditions in the higher lati- 
tudes and the possibility of improvement into a satisfactory cultivated 
plant. Considerable work on improvement of the wild plant was 
started at agricultural experiment stations and concurrently seed 
was distributed to collective farms so that farmers might gain experi- 
ence in handling a crop with which they were unfamiliar (22'p). 

In 1939 after several years' efforts average yields from Russian 
plantings were reported to be roughly equivalent to 20 pounds of seed 
and 25 pounds of rubber per acre {2). 

A combined total of kok-saghyz plantings estimated at 50,000 
acres was in cultivation in 1941 and on the expectation of plant 
improvement and better cultivation practices plans were made for a 
great expansion of this acreage. 

726607—47 2 11 



EXPERIMENTAL PRODUCTION OF KOK-SAGHYZ 
RUBBER 

NATURE OF THE KOK-SAGHYZ PLANT 

Botanical Description 

Taraxacum kok-saghyz Rodin, is a composite, readily recognizable 
as a dandelion. The plant consists of 25 to 50 leaves arranged at the 
crown or upper end of the root in one or more rosettes which may hug 
the ground closely or be somewhat erect (fig. 1). There is no distinct 
stem. The leaves are quite variable as to size but generally smaller 
than those of T. officinale, the common dandelion. There is also 
considerable variation as to leaf form, particularly the division or 
lobing of the margins. The leaves are usually somewhat thickened 
with prominent midribs and are generally grayish green in color. 
The flower stalks are slender, 8 to 10 inches long, and bear single 
flowerheads about one inch in diameter. Each head contains from 50 
to 90 florets. A distinguishing species characteristic is the presence 
of projecting hornlike appendages at the tips of the bracts which 
surround the bud. Seeds are borne attached to parachutelike pappus, 
typical of dandelions. 

For the complete botanical description of kok-saghyz, see Rodin 

Habits of Growth and Development 

The basic requisite of any attempt to grow kok-saghyz as a source 
of rubber is a knowledge of the nature of the plant, its particular 
properties and characteristics, and its habit of growth and develop- 
ment. Inasmuch as no kok-saghyz had ever been grown in this 
country before 1942, it was necessary to depend upon such Russian 
descriptions of the plant and its growth as were available. 

Russian attempts to cultivate kok-saghyz had revealed numerous 
characteristics of the plant's growth and development, some of which 
present problems in relation to satisfactory culture. Among the 
latter are dormancy of the seed, a high percentage of abnormal germi- 
nation, slow germination, and a very weak and slowly developing 
seedling stage. These characteristics result in slow emergence and 
an extended period of weak seedling growth. This lack of vigor in 
the early growth stage exposes the plant to unfavorable effects of 
competition and multiplies problems of cultivation. 

12 



RUSSIAN DANDELION 13 

FIGURE 1.—An American-grown kok-saghyz plant in^flower.    (Courtesy of the 
Ford Motor Co.) 

The production of rubber-bearing latex takes place in kok-saghyz 
largely in the root (fig. 2). Both the form and size of kok-saghyz 
roots appear to vary in plants of different genetic constitution as well 
as in response to environmental factors. In general, however, the 
plants are taprooted with more or less branching. In its native 
habitat the average dry weight of a root is approximately 1 gram (&£)■ 
When grown in cultivation, roots are generally much larger. 

The roots are thick, fleshy, and when fresh, brittle, and have a light 
colored surface. The internal structure of the kok-saghyz root under- 
goes marked changes during development. The number of latex tubes 
and their size, hence latex producing capacity, appears to increase in 
second year plants up to the time of seed formation. In the first year 
of growth rubber content appears to increase most rapidly in the last 
month or so of the growing season, that is, after seed production. 
The latex tubes are formed in secondary phloem, a tissue which in 
kok-saghyz, as in all perennial dandelions, is sloughed off during the 
year succeeding its formation {55). This sloughed-off tissue consti- 
tutes what in Russian publications has been called the glove (fig. 3). 
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FIOUKE 2.—Roots of kok-saghyz.    (Sovfoto.) 

The glove may be composed of from one to several layers of sloughed- 
off tissue depending upon the age of the plant. Harvesting the root 
for rubber must precede this annual sloughing-off of secondary phloem 
containing latex tubes so as to avoid loss of the year's increment of 
rubber. 

The seed which was received from Russia yielded plants showing 
an extremely great range of leaf types. Many of the plants were 
later found not to be kok-saghyz. However, plants classifiable as 
true T. kok-saghyz show a wide variation as to leaf form as well as to 
flowering habits, root form, and rubber content. In addition individ- 
ual plants produce leaves of different shape at progressive stages of 
development. 

There are numerous Russian papers suggesting correlations between 
leaf form and flowering habit, root size, rubber content, and other 
characteristics. Zehngraff's studies USp) indicate correlations be- 
tween flowering habit and rubber content as well as between leaf 
form, rubber content, and root size. However, the extreme hetero- 
geneity of the experimental material available to both the Russian 
and American workers and the complexity of the biological factors 
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FiGTTHE 3.—The "glove" of accumulated rubber on the surface of the kok-saghyz 
root.     (Bureau of Agricultural and Industrial Chemistry.) 

affecting leaf form make it impossible at this time to reach any con- 
clusions on the existence of such correlations. 

While treated in most of the cultivation experiments as either an 
annual or as a biennial, in the wild, kok-saghyz appears to be a per- 
ennial plant. It grows actively until stopped by cold weather in 
autumn but most of the leaves remain green over winter. New 
growth which begins very early in the spring produces another rosette 
of leaves, and the old ones are rapidly lost. 

Flowering and Seed Formation 

Kok-saghyz normally reproduces by means of seed. There appear 
to be two types of plants, one of which begins to flower in the first 
season after sowing, and the other not until the second season. So 
far no observable characteristics other than the flowering habit have 
been found to distinguish these types.    Under all conditions in which 
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V 

FIGUBE 4.—Upper row—typical variations in the leaves of Taraxacum kok-saghyz. 
Lower row—typical leaf variations among rogue forms. 
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they were grown, the first type began to flower 60 to 70 days after 
sowing and flowered until late autumn. In the second season in 
northern United States flowering begins in June for this type and 
there are two more or less distinct blooming periods. Both photo- 
period and temperature have been demonstrated to exert a control 
over flowering. 

Unlike some of the other dandelion species in which seeds are formed 
without fertilization (apomixis) kok-saghyz requires pollination. 
Koroleva (19) indicates that most pollination of kok-saghyz is by 
insects, principally bees, although there may be some transfer of 
pollen by wind. She says further that isolation studies indicate 
that the plant is primarily cross-pollinated. Warmke (64) and others 
have confirmed this last fact and the general evidence indicates that 
self-fertilization is infrequent. 

Studies by Hamm (37p) show that the seed of kok-saghyz is com- 
posed of the following parts: a light brown to green brown spiny fruit 
coat; a thin papery outer seed coat which splits quite easily along lines 
of dehiscence and is apparently cellulosic with a waxy covering; a 
thin, leathery, tough inner seed coat, which remains intact around the 
embryo even after considerable manipulation but can be removed by 
tearing, and which apparently has no easily separated lines of de- 
hiscence; and a well-developed embryo. 

Koroleva has pointed out that kok-saghyz plantings in Russia have 
been characterized by a period of summer dormancy, usually follow- 
ing the flowering period. During the dormant stage growth ceases 
and some or all of the leaves die back. The appearance and duration 
of this dormant period seem to be dependent upon temperature, soil 
type, and other environmental conditions. This period comes to an 
end in late summer or early fall when active growth is resumed. At 
Bozeman, Mont., and Klamath Falls, Oreg., no such dormancy was 
noted. In other experimental plantings in this country this phenome- 
non of summer dormancy was much more common in the second year 
of growth than in the first. 

Nutritional Requirements 

The general requirements of kok-saghyz for well fertilized soils 
have been pointed out by several Russian investigators (34, 35, 36, 49) 
and confirmed by soil fertility studies made by Lewis ißßp) and other 
investigators in this country. 

Meyer (32) undertook a detailed analysis of the effects of deficien- 
cies of certain mineral elements on kok-saghyz.    He has reported that 
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a deficiency of nitrogen results in the production of only very small 
roots, and generally weak plants. A deficiency of either magnesium 
or potassium also results in marked lowering of root growth. The 
effect of calcium or phosphorus deficiencies is pronounced but con- 
siderably less deleterious. Meyer's studies suggest that the deficien- 
cies which inhibit root growth also inhibit rubber formation. 

In a more recent paper Meyer (33) states that maximum root yields 
in cultures were obtained with nutrient solutions containing 10 to 15 
parts per million of boron. Thus, kok-saghyz appears much more 
tolerant of high concentrations of boron than most other plants and 
reacts unfavorably to deficiencies of boron. 

Adaptability to Différent Environmental Conditions 

The natural restriction of kok-saghyz to a relatively small area of 
high mountain plateau might suggest that the plant would have rigid 
requirements for its growth. However, investigations of its adapta- 
bility both in Russia and the United States indicate that it will grow 
well over a wide range of soils and under varying conditions of cli- 
mate, although it is definitely restricted to regions not having long- 
continued excessively hot temperatures. 

PLANTING AREAS 

Soils 

Only general information is given in Russian papers regarding the 
soil requirements of kok-saghyz. Altukhov (#, 3) indicates that both 
Chernozems (black mineral soils) and organic soils are particularly 
suitable for kok-saghyz culture. He also indicates (2) that the soil 
must be rich in organic matter, in nitrogen and in phosphoric acid. 

A U. S. S. R. Government announcement (62) advises farmers to 
select for kok-saghyz planting the best plots using first the peat soils 
under cultivation, truck garden plots, flood plains of rivers, and fer- 
tilized fields used previously for hemp cultivation. 

in another publication (4-9) soils mentioned as being unsuitable for 
kok-saghyz are those that have poor structure, a crust after a rain, 
are too shallow, are poor in nutritive value, or are too light to retain 
water. In the same publication it is stated that better yields are 
obtained when the water table is within 1.5 to 2.0 meters of the surface. 
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Mikhailov (34) has pointed out that liming of acid podzol soils pro- 
duces increases in root yield, rubber percentage, and total rubber 
yield. 

As a result of adaptation and production tests in the summer of 
1942 it was concluded that kok-saghyz is well adapted to the climatic 
conditions of northern United States, that is, north of a line drawn 
from southern New York west to southern Oregon, and that it will 
grow well on rich organic soils or on mineral soils with a high organic 
content. 

Guided by these preliminary findings extensive testing of the adapt- 
ability of the plant to the various soils within this general region was 
undertaken in 1943 (26jp). In all, plantings were made on 207 soil 
types in 161 localities in 41 States. 

In general, the small experimental plantings at the State agricul- 
tural experiment stations were most useful for determining the cli- 
matic adaptation of kok-saghyz, whereas the larger field plantings 
were useful for determining specific soil requirements of the plant. 
The soils on which the plants were grown at the various State experi- 
ment stations were representative of the better soils within the 
respective States and, for the most part, were soils upon which vege- 
table crops had been successfully grown. Unusual soil profile condi- 
tions were largely eliminated by this choice and the differences in 
results reflected climatic and management differences more than soil 
differences. On the other hand, the Forest Service fields, although 
chosen so that the major portion of any one field consisted of suitable 
soils, were sufficiently large so that small inclusions of unsuitable soils 
occurred. These small inclusions were areas of poor drainage, hard- 
pan, soluble salts, unfavorable slope, etc. The influence of these 
factors on plant growth in the smaller areas of the fields could be 
compared directly with the growth on the associated larger areas 
where these detrimental factors did not play a part and where plant 
growth was generally satisfactory. 

The location of the plantings by broad soil regions (68) is given by 
seasons in table 1. Table 2 gives a summary of soil characteristics 
and crop history of lands used for kok-saghyz plantings. 
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TABLE 1.-—Results of kok-saghyz plantings made in 1948-48, ^y soil types and 
localities 

SPRING 1942 

Satisfactory results Unsatisfactory results 
Soil region 

Good Fair Poor Failure 

Mineral soils: 
Podzol  Sturgeon Bay, Butternut, Wis_ Ashland, Wis. 

Wis. Manistique, Mich. 
Cass Lake, Minn. 
Haugan, Mont. 
Rhinelander, Wis. 

Brown Podzolic  Burlington, Vt  Windsor, Conn... 
Storrs, Conn. 
New Haven, 

Conn. 

Storrs, Conn  
Paramus, N. J. 
Cold Spring Har- 

bor, N. Y. 
Gray-Brown Podzolic Ithaca, N. Y  Dearborn, Mich_ Beltsville, Md. Ithaca, N. Y. 

Geneva, N. Y. Lancaster, Pa. New    Brunswick, 
Madison, Wis. State College, Pa. 

Wooster, Ohio. 
Corvallis, Oreg. 
Oregon City, Oreg. 

N.J. 
East Lansing, 

Mich. 
Louisville, Ky. 
Frankfort, Ky. 
Powell, Ohio. 
Puyallup, Wash. 

Red     and     Yellow Dixon Springs, 
Podzolic. 111. 

Medford, Oreg. 
Talent, Oreg. 

Prairie  St. Paul, Minn Davis, Calif Urbana, 111 Brownton, 111. 
Berkeley, Calif. Ames, Iowa. 

Lafayette, Ind. 
Manhattan, Kans. 

Floris, Iowa. 
North Platte, 

Nebr. 
Lincoln, Nebr. 

Chernozem  Brookings, S. Dak Fargo, N. Dak..__ 
Laramie, Wyo . 

Hays, Kans. 
Hermiston, Oreg. Chestnut or Brown... Bozeman, Mont.. Toppenish, Wash_ 

Klamath Falls, Missoula, Mont. Union, Oreg. Fort Collins, Colo. 
Oreg. Moro, Oreg. Pullman, Wash. Laramie, Wyo. 

Parma, Idaho. Fort Lewis, Colo. Klamath Falls, 
Oreg. 

Garden City, 
Kans. 

Miles City, Mont. 
Dickinson, N. 

Dak. 
Akron, Colo. 
Rocky Ford, Colo. 
Moscow, Idaho. 
Burns, Oreg. 
Moro, Oreg. 
Ontario, Oreg. 
Pendleton, Oreg. 
Lind, Wash. 
Prosser, Wash. 

Reddish    Chestnut, Capistrano, Calif El Centro, Calif. 
Reddish     Brown, Riverside, Calif. Shatter, Calif. 
Red    Desert,    or 
Noncalcic Brown. 

Organic soils: 
Gray-Brown Podzolic East Lansing, 

Mich. 
Prairie  Crystal Lake, 

Iowa. 
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TABLE  1.—Results of kok-saghyz plantings made in 1942-43, by soil types and 
localities—Continued 

FALL 1942 

. Satisfactory results Unsatisfactory results 

Soil region 
Good Fair Poor Failure 

Mineral soils: 
Brown Podzolic Storrs, Conn. 
Gray-Brown Podzolic_ Wooster, Ohio. 

Morgantown,   W. 
. Va. 
Blacksburg, Va. 

Red and Yellow Tifton, Ga  Baton Rouge, La. 
Stoneville, Miss. 

Poplarville, Miss. 
Podzolic. Sikeston, Mo. 

Raleigh, N. C. Stillwater, Okla. 
Rocky Mount, Blacksville, S. C. 

N. C. Clemson, S. C. 
Statesville, N. C. Beeville, Tex. 
Willard, N. C. College Station, 
Auburn, Ala. Tex. 
Fayetteville, Dentón, Tex. 

AÍk. 
Marianna, Ark. 
Gainesville, Fla. 
Homestead, Fla. 
Quincy, Fla. 
Sanford, Fla. 
Experiment/Ga. 

Prairie Ames, Iowa  Manhattan, 
Kans. 

St. Paul, Minn. 
Urbana, 111. 

Lincoln, Nebr. Lafayette, Ind. 
Berkeley, Calif. 
Davis, Calif. 

Chestnut or Brown. __ Bozeman, Mont.. Miles City, Mont. Lind, Wash  Fort Collins, Colo. 
Hesperus, Colo. 
Logan, Utah. 

Reddish    Chestnut, Mesa, Ariz  
Ysleta, Tex. 

Weslaco, Tex  
Sacaton, Ariz. 

Litchfield Park, 
Reddish Brown, Ariz. 
Red    Desert,    or Tucson, Ariz. Bard, Calif. 
Noncalcic Brown. Yuma, Ariz. 

Indio, Calif. 
Riverside, Calif. 
Shafter, Calif. 
Albuquerque, N. 

Mex. 
State College, N. 

Mex. 

Chico, Calif. 
Lubbock, Tex. 

Organic soils: Red and Belle Glade, Fla.._ Canal Point, Fla.. 
Yellow Podzolic. 

SPRING 1943 

Mineral soils: 
Podzol Sturgeon   Bay, 

Wis. 
Ashland, Wis. 

Brown Podzolic.    ._ Burlington, Vt.... Bonners     Ferry, Bonners Ferry, Burlington, Vt. 
Idaho. Idaho. Bonners   Ferry, 

Idaho 
Windsor, Conn. 
Paramus, N. J. 

Gray-Brown     Pod- Geneva, N. Y__. W. Junius, N. Y__ W. Junius, N. Y._ W. Junis, N. Y. 
zolic. Big Flats, N. Y. 

East   Lansing, 
Mich. 

Madison, Wis. 

Luce, Mich. Luce, Mich. 
Alicia, Mich. 
Seneca Falls, N. Y. 
New    Brunswick, 

N.J. 
Blacksburg, Va. 
Wooster, Ohio. 
Corvallis, Oreg. 

Red and Yellow Pod- College   Station, 
zolic. Tex. 

Dentón, Tex. 
Prairie St. Paul, Minn_— Stewart, Minn. 

Manhattan, Urbana, 111. 
Kans. Ames, Iowa 

Columbia, Mo. 
Lincoln, Nebr. 
Stillwater, Okla. 
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TABLE  1.-—Results of kok-saghyz plantings made in 1948-43', by soil types and 
localities—Continued 

SPRING 1943—Continued 

Soil region 
Satisfactory results Unsatisfactory results 

Good Fair Poor Failure 

Chernozem Red River Valley, 
Minn. 

Missoula, Mont— 

Red River Valley, 
Minn. 

Edgeley, N. Dak. 
Langdon, N. Dak. 
Park   River,   N. 

Dak. 
Missoula, Mont... 
Miles City, Mont. 
Klamath   Falls, 

Oreg. 
Bozeman, Mont. 

Red River Valley, 
Minn. 

Chafíee, N. Dak. 
Fargo, N. Dak. 
Brookings,   S. 

Dak. 
Missoula, Mont... 
Logan, Utah  
Laramie, Wyo. 
Pullman, Wash. 

Riverside, Calif... 
Ysleta, Tex. 

Aitkin, Minn  
Alicia, Mich  

Red River Valley, 
Minn. 

Lind, Wash. 
Klamath   Falls, 

Oreg. 
Lewistown, Mont. 

Indio, Calif. 

Chestnut or Brown. _ 

Reddish    Chestnut, 
Reddish     Brown, 
Red    Desert,    or 
Noncalcic Brown. 

Organic soils: 
Podzol.. Aitkin, Minn  

Alicia, Mich  
Madison, Wis. 

Lubbock, Tex. 

Aitkin, Minn 
Gray-Brown     Pod- 

zolic. 

Prairie  

Plainfield, Wis_.__ 
Geneva, N. Y. 
East   Lansing, 

Mich. 
Excelsior, Minn. 
McGuffey, Ohio. 

Alicia, Mich. 
Coddington, Wis. 
Seneca Falls, N. Y. 
Walkerton, Ind. 

C ry st al   Lake, 

Chestnut or Brown Klamath   Falls, 
Oreg. 

Klamath   Falls, 
Oreg. 

Iowa. 
Klamath Falls 
Oreg. 

FALL 1943 

Mineral soils: 
Gray-Brown      Pod- Geneva, N. Y  

W. Junius, N. Y. 
East   Lansing, 

Mich. zolic. 
Red and Yellow Pod- Napoleonville, La. 

zolic. 
Prairie. .__         St. Paul, Minn 

Beeville, Tex. 

Chernozem.     Red River Valley, 
Minn. 

Klamath   Falls, 
Oreg. 

Missoula, Mont. 
Edinburg, Tex.__. 
Indio, Calif. 

Aitkin, Minn 

Chestnut or Brown.. Bozeman, Mont— 

Bakersfield, Calif. 
Salinas, Calif. 

Reddish    Chestnut, 
Reddish     Brown, 
Red    Desert,    or 
Noncalcic Brown. 

Organic soils: 
Podzol  

Winter   Haven, 
Tex. 

San Mateo, Calif. 
Glendale, Ariz. 

Gray-Brown      Pod- Geneva, N. Y. 
zolic. 

Red and Yellow Pod- Belle Glade, Fla.. Canal Point, Fla- 

East   Lansing, 
Mich. 

zolic. 

The specific soil profile characteristics essential for satisfactory 
production of kok-saghyz as revealed by field observations and 
analyses of 360 soil samples collected from many fields and plots are, 
according to Lyford (26p), as follows. 

Relief 

The character of the relief on which the soils occur within any 
area is important in determining the acreage that can be used for grow- 
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ing kok-saghyz. Experience has indicated that seeds, seedlings, or 
even the plants up to a month or 6 weeks of age may be destroyed or 
seriously injured by heavy rains. Even though the surface of the soil 
is level the shallowly planted (%-% inch) seeds may be washed out by 
the impact of the raindrops or by relatively slight movement of the 
surface water that has accumulated. In many places rains of high 
intensity cause sufficient compaction of the surface soil so that seedling 
emergence is hindered or entirely prevented. This condition appears 
to be particularly true on soils relatively low in organic matter. 

If the land has an appreciable slope considerable damage from the 
run-off occurs. In depressions plants may be smothered by sedimenta- 
tion. Only soils which occur where the surface has less than about a 
two percent gradient are considered suitable unless strip cropping is 
used to minimize the danger from running water. 

It may be feasible to grow the plant on relatively long slopes up to 
5 percent in those areas of the Chernozem and possibly the Prairie 
region which are climatically adapted, especially on those well- 
managed fields where the high content of organic matter and good 
granulation that characterize virgin soils remain. On such soils water 
is absorbed relatively rapidly and washing may not be serious. 
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A 10-acre planting made in the spring of 1943 in the Prairie region 
at Stewart, Minn., on Clarion silt loam and Webster silty clay loam, 
representative of large acreages in this region, was a complete failure. 
After a 3- to 4-inch rain which occurred while the plants were in the 
seedling stage, the soil lost its desirable loose granular condition and 
became too hard to work. Subsequent growth was poor and manage- 
ment of the field was difficult. 

Seemingly level areas in many places, however, may not be alto- 
gether suitable because they include small depressions in which poorly 
drained soils occur. Not only is growth unsatisfactory in these poorly 
or imperfectly drained areas but cultural operations are made difficult 
because these depressions must be avoided. 

Texture 

Kok-saghyz appears to tolerate a rather wide range of soil textures, 
provided the other soil characteristics are favorable. Good growth 
has been obtained where the surface and subsoils range in texture 
from loamy sand to silty clay. The greatest uniformity of good growth 
and the most satisfactory results from the standpoint of management 
were obtained on the surface and subsoils ranging in texture from 
loam to silty clay loam. 

Soils which are fairly light textured throughout, that is, ranging 
from loamy coarse sand to fine sandy loam, are most desirable from 
the standpoint of workability although they may be subject to 
drought and soil blowing, and are usually less fertile than heavier 
textured soils. However, if the surface soil is light textured but is 
underlain by a clay layer, or the permanent water table at about 30 
to 40 inches, the moisture relations may be satisfactory. Under such 
conditions Melrose fine sandy loam and Sudbury loamy sand at Bur- 
lington, Vt., gave consistently good results. In selecting soils that 
have an impervious layer close to the surface care should be used 
because there may be poor drainage in humid regions and in the drier 
regions poor drainage and salt accumulation. 

In humid regions soils at the other extreme of texture, in the range 
from silty clay loam to clays, are generally favorable from the stand- 
point of moisture availability but tend to become compact and to 
bake and crust. In regions of lower rainfall these soils are not gen- 
erally favorable. 

Difficulties were experienced in harvesting roots in the fall from 
heavy textured soils. Spring 1944 harvesting operations in the 
Red River Valley of Minnesota indicate that roots can be harvested 
with less difficulty after freezing and thawing have loosened the soil 
and promoted granulation. 
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There are also indications that in medium to heavy textured soils 
roots are distorted and the penetration of lower roots limited or to 
some degree inhibited. 

Reaction 
In general, most satisfactory growth of kok-saghyz was obtained on 

those soils within a pH range of 5.5 to 8.5, and there was some indica- 
tion that growth was consistently better if the pH was above 6.5. 

Good growth was not obtained on any mineral soil examined in 
detail where the surface soil had a pH lower than 3.6. However, 
only fair growth was obtained on one type, Unadilla very fine sandy 
loam, the surface soil of which had a pH of 5.3. Also, germination 
did not take place at all on an area of Dunkirk silt loam, which had a 
surface pH of 4.9. 

On organic soils good growth was obtained where the pH of the 
surface was as low as 5.4. Growth on one field of Rifle peat with a 
surface pH of 5.2 was only fair. In another field of Rifle peat roots 
grew well in an underlying horizon which had a pH of 5.2. Here the 
pH of the surface was about 5.5. A failure resulted on a third field of 
Rifle peat where the pH of the surface soil was 4.9. 

Unless the supply of available calcium in a soil is known to be high 
it would probably be unwise to select for kok-saghyz production any 
soil, mineral or organic, where the pH is below 5.5. No doubt even at 
this pH it would be advisable to use lime in addition to the regular 
fertilizers. 

Where the surface soil had a pH range of 8.5 to 9.3 satisfactory 
growth resulted if the underlying horizons were permeable and had 
good drainage and less than 0.2 percent of soluble salts. For instance, 
at Klamath Falls, Oreg., on Spring Lake loamy fine sand, fairly 
satisfactory growth occurred where the surface soil to a depth of 13 
inches had a pH of 9.0 and where the underlying horizons were more 
alkaline. In this instance the percentage of soluble salts in all horizons 
was below 0.14 and the soil was permeable throughout. Where the 
pH of the surface was above 9.3 growth was not satisfactory. 

Organic Matter 
Kok-saghyz can be grown on soils that range from as low as 2 

percent to as much as 90 percent of organic matter. Good results 
have been obtained on peats, on mucks, on mucky phases of mineral 
soils, and on mineral soils that range in organic matter content from 
about 2 to 8 percent. 

The beneficial effect of organic matter appears to result primarily 
from the physical properties imparted to the soil. Organic matter 
tends to promote granulation and increases moisture holding capacity, 
the rate of percolation, and the amount of total pore space. 

726607—47 3 
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Permeability 

The best growth of kok-saghyz occurs where the soil is fairly per- 
meable. With the exception of conditions under which the water 
table is held at a depth of about 30 to 40 inches by an underlying 
impervious layer, hard or compact layers or layers impervious to 
water within the upper 30 to 36 inches usually cause unsuitable 
conditions in the soil profile. Hard upper subsoil layers develop in 
some soils when dry conditions prevail and as a result the roots are 
prevented from growing downward and are forced to grow along the 
interface between the surface and subsoil. These conditions were 
observed particularly on Todd loamy sand at Cass Lake, Minn., and 
on Ottawa loamy fine sand at West Junius, N. Y. Actual distortion 
of the main taproot was observed in Peone silty clay at Bonners 
Ferry, Idaho. 

Moisture 

For optimum growth an adequate, but not excessive, supply of 
moisture must be present in the soil at all times. The surface and 
subsoil should have good water holding capacity and should be well 
but not excessively drained. The permanent water table should be 
below 30 inches and porous sand or gravelly layers should not be 
present within about 3 feet of the surface. 

If porous sand or gravel occur within the upper part of the profile 
the soil is likely to be subject to drought, even in relatively short 
periods of dry weather, because there is not sufficient moisture holding 
capacity above the porous layers. The detrimental effects of shallow 
gravelly layers on the moisture relations was especially noted at 
Missoula, Mont., on the Moiese soils. Here the depth of the silt 
loam surface and subsoil was variable over gravel, and the smaller 
growth on those areas where the gravel was close to the surface could 
readily be observed. 

Soluble Salts and Alkalis 

No detrimental effects were noticed when the concentration of 
soluble salts (salts other than sodium carbonate) was less than 0.1 
percent. Larger quantities of soluble salts occurred only on the 
fields in the vicinity of Klamath Falls, Oreg. In this area their effects 
were complicated by the presence of alkali (sodium carbonate). All 
indications point to the fact that kok-saghyz is similar to many other 
agriculture crops in respect to soluble salts in that growth is not 
satisfactory where the amount in the soil is much greater than 0.2 
percent. 

Not much was known in 1942 about the requirements of the plant 
and its  particular  characteristics.    One  factor given  considerable 
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weight in locating early test plantings was the existence of relatively 
large areas of the soil type being tested to assure the possibility of 
expansion in the event the soil proved adaptable and an enlarged 
program of rubber production was determined upon. 

Because of some fear that kok-saghyz might become a farm pest, 
Forest Service nursery areas relatively distant from farm areas were 
chosen for the first large scale test plantings. The soils in these 
nurseries varied from fine sand to fine sandy loam. These soils had 
been kept well fertilized for the production of coniferous trees by the 
annual addition of peat plus mineral fertilizer (as 1- to 2-year old 
compost), but they did not prove to be highly productive of kok- 
saghyz. Not only were they not properly fertilized for kok-saghyz 
production but they required heavy and frequent applications of 
water through overhead watering systems. 

All of the 1942 Montana sowings were irrigated as required (5p). 
The best stand was secured at Savenac Nursery but because of soil 
conditions and the colder climate due to the higher elevation the 
plants did not develop well. The soil at two other 'ocations was much 
better but a heavy rain followed by hot weathei resulted in soil 
crusting prior to germination and the tiny plants could not break 
through the crust. Moreover, it is now known that the K-inch depth 
of sowing was too deep and the amount of seed per acre (from 0.1 to 
1.0 pound) was much too light. Seven acres were abandoned at Miles 
City and  14)i acres at Missoula because of the exceedingly light 
stands. 

Temperature 
Summer 

No records of Russian experiments to determine the effect of 
temperature on the growth and productivity of kok-saghyz were 
available at the time investigations were begun in this country. 
However, the temperature of the native habitat of the plant would 
suggest the Northern States and Canada as more suitable for its 
growth than warmer areas. Accordingly, more attention was devoted 
to testing this area, although indicator plantings were made over all 
of the United States to determine the plant's range of adaptability. 

The lack of complete tabulations of temperature data makes it 
impossible to arrive at conclusions regarding specific mean, maximum, 
or minimum temperatures associated with most satisfactory kok- 
saghyz production. Temperature data reported for spring-summer 
plantings of 1942 and 1943 are shown in table 3, and some data for 
two winter test locations are given in table 4. 
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TABLE 3.-—Average maximum, minimum, and mean temperatures for the months 
June to September 1942 and 1943 at kok-saghyz test locations in the United 
States 

1942 

Location 

Maximum Mean Minimum 

June July Aug. Sept. June July Aug. Sept. June July Aug. Sept. 

Geneva, N. Y  79.9 
81.0 
74.0 
74.4 
79.3 

84.1 
84.3 
77.8 
80.9 
83.2 

81.5 
80.6 
76.1 
80.2 
82.5 

74.7 
78.1 

65.9" 

56.9 
60.6 
56.2 
57.9 
54.1 

60.7 
63.9 
58.9 
61.6 
57.9 

57.6 
61.5 
57.2 
61.0 
57.8 

51 4 
Lancaster, Pa 54 7 
Burlington, Vt  
St. Paul, Minn  

65.1 68.4 66.6 
49. i 

Brookings, S. Dak  
Madison, Wis.. _    67.0 

73.1 
69.4 

71.8 
79.5 
73.6 

70.1 
74.5 
60.7 

60.0 
66.1 Urbana, 111  

Ames, Iowa  _ - - _..- 79.4 
83.7 
78.5 

"69.Ö" 
173.0 
192.0 
65.6 
76.6 

84.2 
92.6 
83.0 

79." 2" 
173.0 
192.0 
81.1 
90.5 

82.2 
88.0 "77.y 

59.5 
63.8 
57.4 

62.9 
69.1 
60.0 

Manhattan, Kans. _ _ 67.4 56.5 
Wooster, Ohio    - _ _ - 
Parma, Idaho- . _ -   88.2 

77.5 
75.0 
95.0 
81.7 
91.6 

79.3 
65.8 
74.5 
90.0 
71.9 

2 84.3 

51.0 
49.8 
60.0 
57.0 
55.8 
51.8 

42.3 
Lar amie, Wvo              __  . 43.5 

155.0 
155.0 
47.2 
46.0 

51.8 
155.0 
155.O 
55.6 
53.5 

39 1 
Capistrano, Calif  
Riverside, Calif   - 

55 0 
52.0 

Pullman, Wash          -    _. 48.7 
Toppenish, Wash  2 46 2 

Geneva, N. Y  
Burlington, Vt  
East Lansing, Mich 
St. Paul, Minn  
Brookings, S. Dak__ 
Madison, Wis  
Manhattan, Kans__ 
Bozeman, Mont  

85.1 
77.7 
79.0 
77.5 
79.0 
77.4 
85.3 
66.0 

85.6 
81.4 
80.7 
84.2 
86.3 
82.7 
90.7 
79.1 

82.1 
77.0 
77.9, 
81.3 
83.2 
80.5 
95.7 
79.3 

76.6 
68.8 
67.5 
67.7 
70.3 
66.2 
80.9 
72.1 

60.9 
56.7 
60.1 
60.9 
56.0 
61.3 
66.1 
42.0 

61.3 
59.2 
70.4 
63.5 
59.8 
65.4 
68.3 
49.5 

58.9 
58.0 
59.4 
61.6 
59.3 
63.2 
71.2 
48.3 

67.2 70.3 67.5 58.3 

69.4 
75.7 

74.0 
79.5 

71.8 
83.4 

58.2 
67.6 

51.3 
47.9 
47.5 
46.2 
44.8 
50.2 
54.3 
40.4 

1 Only 1 figure reported for June and July. 
2 Through Sept. 13 only. 

TABLE 4.-—Average maximum and minimum temperatures during certain winter 
months of two southern fall-winter planting locations 

Location Month 
Temperature 

Maximum Minimum 

Tuscon, Ariz October 1942_           82.3 
77.3 
67.8 
73.9 
82.0 
82.9 
81.9 

51.3 
November 1942 41 8 
December 1942.    ___     __  34.8 

Belle Glade, Fla January 1944 50 3 
February 1944 52.9 
March 1944  58.3 
April 1944 - 61.1 

The fact that best results have been attained in the northern third 
of the United States and in southern Canada suggest that the plant 
grows better where average daily temperatures are not too high, where 
very high day temperatures do not remain for continued long periods, 
and where nights are usually moderately cool. Occasional high 
temperatures apparently are less objectionable than slightly lower but 
more constant high temperatures. Actually, higher maximum temper- 
atures are sometimes reached in Minnesota and other Northern States 
than in some locations farther south but the duration of the periods of 
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high temperatures is usually relatively short.    Much lower tempera- 
tures are the rule. i[ 

Prolonged high temperatures had serious deleterious effects on the 
majority of kok-saghyz plantings in the South or Southwest whether 
spring or fall planted. Harvest of the crop before high temperatures 
occur is essential and in most trials growth was not sufficiently ad- 
vanced at the advent of hot weather to insure reasonable yields of 
roots and good rubber content. 

The injurious effects of high temperatures may come about either 
directly by outright killing of the plants, particularly in the earlier 
stages of development, or indirectly by hastening " summer dormancy." 
In the latter condition the plants are weak and are easily attacked by 
pathogenic organisms which may cause serious damage. Numerous 
cooperators in low rainfall or irrigated areas reported adverse effects 
of high summer temperatures both in 1942 and in 1943 on seedlings or 
younger plants. Information from controlled experiments on the 
relationship of temperature to growth is limited but indicates that 
relatively lower average growing temperatures, particularly when 
associated with long days, favor best development of kok-saghyz. 
Thus, unpublished data from preliminary trials of R. H. Roberts3 at 
Madison, Wis., suggest better plant size and somewhat higher rubber 
content when kok-saghyz was grown at 55° F. continuously, or 
alternating 55° F. night and 75° F. day temperatures, than when 
grown at 75° F. continuously. Borthwick, Parker, and Scully (11) 
found cool temperatures and long photoperiods most favorable to 
early blooming of kok-saghyz seedlings. 

Kok-saghyz has done well as a summer crop in western Ohio and in 
central Iowa although the rubber content was not quite as high as 
farther north. The region north of the Corn Belt proper, that is in 
the spring wheat, hay, and pasture region, affords a climate which is 
well suited for the growing of kok-saghyz as a summer crop. 

Winter 
In the South the minimum temperature appears to be the principal 

controlling factor in limiting the areas where kok-saghyz can be 
successfully produced in the winter period. Experience indicates 
that where the temperature falls below 25° F. for two or more consecu- 
tive days or below 20° F. at any time during the very early life of the 
plant it cannot survive. It also appears doubtful that satisfactory 
growth will occur where the mean temperature is less than 50o-55o F. 

3 Roberts, R. H., unpublished data from greenhouse experiments on the influ- 
ence of photoperiod and temperature on growth and development of kok-saghyz 
at Madison, Wis., in 1942-43. 
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Winter temperatures, therefore, limit the production of kok-saghyz 
as an overwinter crop to Florida, Texas, Arizona, and California, 
with a possibility that the extreme southern portions of Louisiana, 
Mississippi, Alabama, and Georgia might be suitable (Sp). 

Another aspect of the operation of temperature as a limiting 
factor was reflected in experience with Minnesota plantings in the 
spring of 1944 (2p). In general, April and May of 1943 were slightly 
colder than normal but June and July were somewhat warmer. The 
fall of 1943 was favorable to growth, and root volume increased rapidly 
in the last month of the growing season. Unseasonable late spring or 
early fall frost did not occur in 1943, but a severe freeze with a tem- 
perature of 20° to 25° F. was experienced in the Red River Valley in 
early May 1944. This freeze killed early-germinated kok-saghyz 
seedlings. 

Snow cover appears to be of considerable importance in successful 
establishment and carry-over of fall and winter plantings where tem- 
peratures much below freezing occur. Under some conditions it may 
be of importance even with carry-over of plantings made the previous 
spring. In general, the northern part of the United States con- 
sidered most favorable to kok-saghyz culture corresponds fairly well 
to that part having an annual average of 80 or more days with more 
than 1-inch snow cover. Snow cover may actually have no direct 
bearing on the location of the most favorable zone of production 
but might be important for plantings carried beyond the first year. 

In the majority of locations far south of this most favorable zone, 
with average annual minimum temperatures much below 15° F., 
attempts to carry fall plantings of kok-saghyz through the winter 
have been generally unsuccessful. Such losses of plants were due in 
some cases to actual low temperature injury or killing, in others to 
frost heaving where successive freezing and thawing caused the roots 
to be broken off or pushed out of the soil. Micro-organisms, entering 
at the points where the root breaks occurred, often caused serious 
rotting and loss of plants. Even in the northern area serious injury 
or heaving may occur during periods of open weather when snow 
cover is inadequate and there is alternate freezing and thawing. 

The extent of injury may be more serious on certain organic soils 
than on mineral soils in the same area. An extreme case of root 
heaving (fig. 5) was encountered on muck soil near Geneva, N. Y., 
(86$) during the winter of 1943-44. No such heaving was observed 
on an adjacent well-drained sandy to silty loam mineral soil even 
though snow cover had been less and temperatures higher than normal 
that winter. 

Relatively little winter loss was observed in 1943 over the greater 
part of the most promising growing area.    However, serious cold 
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FIGURE 5.—Results of winter heaving of kok-saghyz plants on muck soil at 
Geneva, N. Y., 1943-44. (Bureau of Plant Industry, Soils, and Agricultural 
Engineering.) 

injury to 1942 plantings was reported from Storrs, Conn., and Lan- 
caster, Pa. 

In the test areas in the South, the winter of 1943-44 was somewhat 
drier and colder than usual. Kok-saghyz seems to require warm 
days and cool nights for best growth and development. Since these 
conditions did not exist during December, January, and February, 
development was slow. This delayed flowering and seed production, 
except in the Texas and Florida areas, to such an extent as to question 
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whether overwinter production of seed can be accomplished in time 
to send the seed north for planting the same season. 

Moisture 

Russian reports indicate that in the wild kok-saghyz is found in 
regions with relatively high soil moisture. The Russians also found 
that, within limits, dry weight of the plant and rubber content are 
directly related to the availability of water, and they reported further 
that the period of greatest water requirement is from germination to 
time of flowering (SM, 24, 67). The general recommendation of the 
Russian publications is that areas with sufficient rainfall to grow 
satisfactory vegetable crops are adaptable to kok-saghyz cultivation. 

These findings, together with studies of precipitation data and 
weather maps, suggest that for proper culture of kok-saghyz in the 
northern part of the United States, where irrigation is not practiced, 
the annual precipitation must be 20 inches or more. At least 15 
inches should occur during the growing season of April to September 
with approximately 8 inches during June to August. Reasonably 
well-distributed precipitation, rather than sporadic heavy rains, is 
necessary, especially during the germination and small-seedling stages. 

Under irrigated conditions uniform and adequate moisture must be 
supplied during the early growth stages if satisfactory germination, 
stands, and growth are to be attained; factors other than moisture 
supply, though, are more likely to favor or limit the production of 
kok-saghyz. 

In the southern and southeastern parts of this country rainfall will 
usually be adequate for winter production. 

A single test planting at College, Alaska, in 1942, was largely a 
failure because of a scarcity of rainfall at planting time although 
subsequent growth of the few surviving plants was fairly good. 

The years 1942, 1943, and 1944 up to June 30 were considered to 
be within a wet cycle, yet on the whole the yearlong average precipita- 
tion varied little from the long period average. On the other hand, 
the distribution of precipitation was such as to interfere seriously with 
farming operations. In the spring of 1943 in the Red River Valley of 
Minnesota early spring rains and melting snows on the watershed 
above Moorhead produced one of the highest floods on record. Some 
fields were inundated and many were so saturated they were slow 
in drying out. Only a few fields were in a condition to be prepared and 
sown in late April and early May. Heavy rains at intervals interfered 
with ground preparation and sowing and prevented early cultivation 
and weeding.   Some reseeding was required because of weeds. 

Soils at Moorhead, Minn., dried out earlier than those at Crookston. 
But on the whole, sowing was not done any earlier than in 1942 when 
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the first seed from Russia did not reach the field until mid-June. A 
similar situation existed at Aitkin. Here the soil was in a satisfac- 
tory condition about the middle of May but later heavy rains on the 
Mississippi watershed flooded the peat soils. 

At Stewart, Minn., ground preparation and sowing were done in 
late April, but the soil became so dry as to prevent good germination 
until after a rain on May 6. Heavy rainfall, starting on May 15 and 
continuing at frequent intervals for a thirty day period, prevented all 
cultivation and weeding. During this period weeds flourished and 
suppressed the kok-saghyz to such an extent that it did not recover. 
Most of this field was reseeded in June but growth was not good and 
the field was abandoned in September. 

Early and frequent rains in Michigan in the spring of 1943 delayed 
sowing until June. The mineral soil proved to be a poorly drained 
phase of the soil type selected, cultivating and weeding were difficult, 
and growth was poor. 

Excessive rains in late April and early May interfered seriously 
with the 1943 operations in New York. Sowing was not accomplished 
on the mineral soil until early June for the sandy loam field and mid- 
June for the Ontario loam field. The peat area was under water during 
most of May and did not dry out enough to allow working until the 
latter part of June. Sowing was done on June 30 and July 1. Imme- 
diately following the sowing a period of extreme heat and drought 
occurred and the seed failed to germinate. 

In Montana and Oregon the spring of 1943 was 2 to 3 weeks late, 
and colder and drier than usual. In Montana sugar-beet growers 
figured that the growing season was 20 days shorter than normal. 
This short season resulted in a considerable reduction of beets per acre 
and it may well have had a similar effect on the kok-saghyz root pro- 
duction. Intermittent spring rains delayed ground preparation and 
seeding operations in the Missoula Valley. The fall season was with- 
out snow or severe weather. At Miles City, east of the Continental 
Divide, the season as a whole was favorable. Here the lighter soils 
dried out more rapidly so that there was little interference with 
cultural operations. 

During the spring of 1944 excessively heavy rains in June interfered 
seriously with sampling and eradication operations at Missoula. 
Eradication was finally accomplished but under wet soil conditions 
that frequently bogged down the tractor. As a result of the heavy 
rains in June 1944 a large proportion of the second year seed crop 
was lost. 

The climatic range of kok-saghyz appears to be the northern States 
from Vermont west to eastefn North Dakota and South Dakota. 
Summer droughts sometimes occur within this area, but only in the 
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Red River Valley in western Minnesota and eastern North Dakota 
and South Dakota is there any real risk that the precipitation may not 
be sufficient to permit germination and good growth. Weather records 
over a period of 36 years suggest that one crop out of every five might 
be poor in that region because of low rainfall. Portions of the area 
received less than 16 inches during the crop season 8 times in the 36 
years, but only in 1933 and 1934 did this happen in consecutive years. 

The 1943 production tests in Montana and Idaho, as well as numer- 
ous adaptation tests elsewhere in the drier West, indicate that it is not 
advisable to attempt dry farming of kok-saghyz on areas west of the 
Red River Valley. But if abundant water is available for irrigation, 
kok-saghyz will grow and thrive wherever soil and temperature 
conditions are favorable. 

Excessive drying out of the soil, along with high temperatures, 
usually causes the plants to become dormant, or lengthens the dormant 
period, with resultant loss of growth, and may even cause death of the 
plants. On the other hand, excessive precipitation during the growing 
season interferes with seed collection and reduces the seed harvest. 
On many soils it adds materially to the difficulties and cost of culti- 
vating and weeding. Late fall or early spring should be comparatively 
dry to facilitate root harvesting, particularly on the heavier soils. 
Nonetheless, there must be moisture in the soil in the spring to secure 
satisfactory germination. Temperature and rainfall lines have been 
given by Lyford (26p). 

Kok-saghyz does not tolerate excessive moisture during its early 
growth period. After the plant is well established it survives standing 
water as well as most cultivated crops, but it seldom recovers if 
flooded for more than a day or two during the growing season. Kok- 
saghyz is not more exacting in moisture relationships than other 
vegetable or root crops. 

Length of Growing Season 

Available Russian reports contain no data bearing directly upon 
the relation between length of growing season and satisfactory growth 
and production of rubber and seed of kok-saghyz. Inasmuch as most 
of the test plots and experimental areas on which kok-saghyz was 
grown in this country were within the same general range no significant 
leads on the effect of different lengths of growing season have been 
obtained. 

However, certain pertinent observations on experimental work 
carried on in this country are recorded in connection with the discus- 
sion of the effects of time of sowing and time of harvest. 
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Disease, Insect, and Other Biological Factors 

While the publications of Russian investigators contain few refer- 
ences to the biological factors involved in the selection of planting 
areas for kok-saghyz, it is obvious that certain of them are of the 
utmost importance. 

The plant is insect-pollinated. Experience in the Minnesota, 
Montana, and Oregon plantings demonstrated clearly the need for 
adequate insect populations to insure maximum pollination. Whether 
root size and rubber production as well as seed yield are related to 
fertilization is not known. Fields which set little seed showed no 
significant deviation from the general average of root and rubber 
production. 

At least on certain soils, the presence or absence of soil-conditioning 
organisms is a matter of importance. 

The necessity for avoiding areas known to be infected or infested 
with injurious organisms was illustrated by the wiping out of one test 
planting at Ithaca, N. Y., by root-rot organisms held over in the soil 
from earlier plantings of cabbage, and by the destruction of several 
other plots by leafhoppers and grasshoppers. Some of the plantings in 
Florida were made on peat areas with heavy infestations of cutworms. 
About 80 percent of these stands were destroyed. 

Economic and Other Factors 

Rubber is extracted from kok-saghyz by a mill operation. Since 
this is so, economical production demands plantings of sufficient acre- 
age within relatively short distances of a mill. Transportation of 
roots to the mill requires adequate railway and highway facilities. 

Any region chosen must contain areas of satisfactory land large 
enough to permit selection of acreages of sufficient size to produce 
enough roots for year-long mill operation. The displacement of other 
crops and the various relations of kok-saghyz to the production of other 
crops must also be considered. 

Both Russian and American experience has indicated that the grow- 
ing of kok-saghyz requires a large amount of labor. Consideration 
of any areas requires careful examination of the availability of quali- 
fied labor. 

CULTURAL PRACTICES 

Seed Testing and Seed Treatment 

Kok-saghyz germination studies made by A. B. Kiselevoy and re- 
ported by Poptsov (51) in 1932 indicate the existence of dormancy 
and of very slow and frequently aberrant germination. When a sys- 
tematic study of the plant and its cultivation was begun in Russia in 
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1933, special attention was given to the problems of germination and 
development of methods of securing a high percentage of rapid, uni- 
form, and otherwise satisfactory germination. These investigations 
revealed the relation of temperature, moisture, and several other fac- 
tors to germination and led to the development of storage methods and 
various preso wing treatments. 

The Russian seed received in this country in May 1942 was not 
accompanied by data indicating its origin, time of collection, degree 
of purity, percentage of germination, or even whether it had been col- 
lected from plantings or the wild; nor was this information obtainable. 

In order to obtain basic data on viability, purity, and behavior, 
adequate samples of the seed were tested. In such tests at the Lake 
States Forest Experiment Station, St. Paul, Minn., in May 1942, Roe 
(S4p) found that the germination of dry seed (not pretreated) sown 
in sand at a depth of % inch averaged only 60 percent of that of similar 
seed in petri dishes. However, when the seed was stratified for 10 to 
30 days at 41° F. or soaked for 24 hours in running tap water at a 
temperature of 72° F., and then sown in sand, almost all of it ger- 
minated . 

Seed which had a high moisture content was prechilled at Beltsville 
for about 15 days at 32° F. and sent to St. Paul in a thermos bottle. 
It showed practically complete germination when sown in sand. Er- 
roneously this operation was called vernalization by some investiga- 
tors. Vernalization according to Roe (34p) is an entirely different 
process consisting of chilling seed which previously has been induced 
to germinate at a higher temperature. Seed, which had been pre- 
chilled and then dried before being sent to St. Paul (moisture content 
when received was about 13 percent), showed little better germination 
in sand than that which had been sown without pretreatment. Since 
an examination of the remaining ungerminated seeds showed most of 
them to be sound and germinable, it seemed probable that the ex- 
cessive drying had put this seed into a state of secondary dormancy. 

Later 1942 tests made on both Russian seed and seed from the first 
plantings in this country yielded the following significant information. 
Purity (freedom from dirt, weed seeds, and seeds obviously of rogue 
dandelions) of Russian seed was high, 94 to 97 percent. Soundness 
(filled seeds) was also high, 97 to 100 percent. No reliable compari- 
son could be made between purity and soundness of Minnesota and 
Russian seed since the method of cleaning Russian seed was not known. 
Minnesota seed (1,217,000 clean seeds per pound of pure seed) com- 
pared favorably in size with the average Lysenko (27) gives for Russian 
seed (1,360,000) although the Russian seed received averaged much 
larger (940,000). The moisture content of air-dry Russian seed was 
relatively low, 8.0 to 9.5 percent. 
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Germination of Minnesota seed and also of Russian seed was high 
(83 to 94 percent) when sown in petri dishes without pretreatment 
and when sown in sand following stratification or prechilling. Germi- 
nation of kok-saghyz seed in sand decreases as the depth of cover is 
increased. Best results (70 percent) were obtained in the laboratory 
with %-inch cover. A progressive drop occurred from jKe- to ^-inch 
cover, while %- and 1-inch cover gave no germination at all. 

When seed is sown in sand without pretreatment, many seeds lie 
dormant for several months without germinating. This condition 
was also found in the field. Observations at the Butternut Nursery, 
Butternut, Wis., in September 1942 showed many ungerminated seed 
in sowings made in late May of that year. Of the four germination 
temperatures tested (68° to 86° F, 50° to 77°, 50° and 41°), 68° to 
86° was best for sand tests; but 50° to 77° was practically as good. 

Seed to be sown in Minnesota and Wisconsin in 1943 was thor 
oughly mixed and a composite sample taken for germination tests. 
At other places samples were taken from each bag and tested sepa- 
rately. Only three samples of the seed to be planted in the Lake 
States showed a very low germination percentage (84p). A rather 
high amount of abnormal germination was noticed but it was believed 
to be due to damping-off organisms rather than any peculiarities of 
the seed itself. 

In addition to the seed to be used in the Lake States, tests were 
run in early April on samples from six bags of seed to be used at 
Missoula, Mont., six at Klamath Falls, Oreg., and five at Seneca 
Falls, N. Y. It was these tests that first brought to attention the 
extreme variability between lots and the relatively high percentage 
of abnormal germination.- 

Hamm (37p) made extensive studies on the temperature relations 
of germination in kok-saghyz. Germination was most rapid and 
complete at 23° C. (73.4° F.). An average germination of 81 per- 
cent from three 100-seed samples was reached in 5 days. At 17° C. 
(62.6° F.) an average germination of 48 percent resulted in 6 days. 
The test was continued for 3 weeks with no increase in germination. 
At 8° C. (46.4° F.) no germination occurred until the sixth day. 
Germination was very slow and only reached 16 percent after .3 weeks. 
Germination at 4° C. (39.2° F.) started on the eleventh day and rose 
steadily to 35 percent in 2 weeks. Germination was still in progress 
when the study was terminated. 

Temperature studies showed conclusively that the seed had two 
optimal germinating temperatures, 5° C. (41° F.) and 25° C. (73° F.). 
Complete germination took place at both these temperatures. At 
temperatures between 8° C. (46° F.) and 20° C. (68° F.) germina- 
tion was quite incomplete. 
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From what is known of the effect of temperature on carbohydrate 
changes it seems probable that at 25° C. and also at 5° C, in the pres- 
ence of an ample water supply, there is a conversion from the storage 
forms of carbohydrates to usable simple sugars. Hamm (37p) postu- 
lates that at intermediate temperatures the enzyme complex is not in 
a usable form and little or no germination results. When fruit and 
seed coats are removed from the seeds, the seeds germinate com- 
pletely at any of the temperatures tested. If only the fruit coat is 
removed, germination follows the pattern already outlined. It would 
seem that the seed coat is the principal cause of incomplete germina- 
tion at intermediate temperatures and probably the chief cause of a 
few seed not germinating at any temperature. 

In early 1943 tests were made of Russian seed which had been 
received in 1942. They showed that half the lot had deteriorated to 
less than 25 percent viability. Check tests in October 1943 showed 
still further deterioration and all of the old Russian seed showing less 
than 25 percent germination was destroyed. At the same time the 
1942 seed collected at Missoula and in the Lake States showed germi- 
nation of 84 to 97 percent. 

Russian investigators (27, 28, öl, 66) point out that kok-saghyz 
seed enters dormancy during the after-harvest ripening period, and 
does not germinate quickly or evenly unless stratified or given other 
treatment designed to start the biological processes of germination. 
Lysenko (27) outlines an alternative method of soaking for a few 
hours followed by partial drying and aeration at room temperature 
or until the seed shows signs of sprouting, after which it is stored in 
a cold room until required. 

Roe's (S^Jp) studies gave results which appeared to favor a treat- 
ment consisting of simply soaking the seed for 24 to 48 hours in water 
and then drying the seed enough to allow it to flow readily through 
the seed-drill mechanism. 

Because of the emphasis placed by the Russians on the prechilling 
method, instructions were issued in 1943 that seed be prechilled where- 
ever facilities were available. Elsewhere, either Lysenko's method or. 
Roe's^simplified method was used. 

In all cases after the initial treatment seed was kept in cold storage 
until sown. Dairy rooms, ice cream plants, etc., were used for the 
purpose. Temperatures at some of these plants were not under abso- 
lute control and some loss was reported by molding: and sprouting. 
Because weather conditions often precluded immediate sowing, it was 
necessary to hold the pretreated seed for long periods, in some cases 
in excess of 30 days. Some soaked seed was dried and then reprepared 
for treatment to reduce probable losses through continued long storage 
of moist seed. 
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The difficulties inherent in the management of such seed treatments 
on any considerable scale by individual growers, or groups of growers, 
are obvious. Roe's method seems to have the advantage of being 
the least difficult. Even with this method it is doubtful that refriger- 
ation facilities would be adequate in most cases and the grower would 
be forced to dry seed not used immediately and resoak it when sowing 
conditions became favorable. 

Zehngraff {45p) made a number of studies in connection with pre- 
treatment and aftertreatment storage before sowing and the response 
in emergence and growth of seed treated by different methods (fig. 6). 
He reports that seed with a moisture content of 47.2 percent was 
difficult to hold without damage by molds. Drying to 35 percent 
moisture content obviated this difficulty under proper refrigeration. 
He found that after a soaking treatment it was necessary to dry the 
seed quickly and at fairly low temperatures. Otherwise the seed 
would sprout and become useless unless planted before the sprouts 
became too large. 

FIGURE 6.—Stirring  kok-saghyz  seed in  cold  storage  after soaking.    (Forest 
Service^F-426623.) 



42 MISC.   PUBLICATION   618,   U.  S.   DEPT.   OF  AGRICULTURE 

Hamm (87])) developed a method of pretreatment by the use of 
molecular KNO3 (potassium nitrate) which gave satisfactory results 
in the laboratory. Small-plot comparative tests at University Farm, 
St. Paul, Minn., showed the greatest number of plants from vernalized 
seed after 2 weeks, but after 2 months there were no significant 
differences between plants from the KNO3 treatment, prechilling, or 
the soak method. However, the development of plants as indicated 
by the number of flowers at approximately 2 months was decidedly in 
favor of vernalization or prechilling. The KNO3 treatment was only 
slightly better than the soak treatment. 

Zehngraff U-^V) made a comprehensive test on a field scale of the 
value of different methods of seed treatment. His tests included 
untreated seed, prechilling, KNO3, the Roe method, and what he 
calls complete vernalizatiou or pregermination. The latter treatment 
was done by exposing moist or prechilled or soaked seed to slightly 
below room temperature (60° F.) for two days or until about two 
percent had actually sprouted, after which it was placed in cold 
storage (32° to 40° F.) to prevent further germination. After 30 
days plantings of pregerminated seed averaged 11.6 plants per linear 
foot; prechilled, 6.9; Roe method, 3.3; KNO3, 0.7; and untreated, 
0.2 plants per linear foot. 

Zehngraff observed that the difference in emergence is greatest in 
early spring when the ground is cold. Pregerminated seed is sensitive 
to dry soil conditions and may fail whereas seed treated in other 
ways may lie in dry soil several days and still germinate when 
moisture is received. 

Coster [ßy) reported the results of comparative field scale tests of 
seed from Russia and that collected at Missoula, Mont., in 1942. 
Seed of each origin was given the same pretreatment. In every case 
the Missoula seed established most satisfactory stands whereas the 
Russian seed was practically a failure. Regardless of whether Russian 
or Missoula seed was vernalized or soaked there was no discernible 
difference between the stands. 

Coster also reports that where irrigation is used no special pre- 
treatment of seed seems to be necessary. Tests indicated that where 
untreated seed is sown in dry soil and the soil then saturated and kept 
wet, good emergence is secured. In other words, the soak treatment 
is given in place and the seed respond favorably to it. 

Kluender (21])) also reported that under wet conditions such as 
existed in the spring of 1943 on the muck soil at Saginaw, Mich., 
untreated seed germinated as quickly and as fully as treated seed. 
Furthermore, in late June under excellent moisture conditions in the 
Red River Valley of Minnesota, untreated seed germinated and 
emerged earlier and better than treated seed.    Obviously, however, 
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one cannot depend on having optimum moisture conditions except 
where irrigation facilities are available. 

Coster found that seed collected in Montana in May 1943 had not 
become dormant by November. Freshly collected mature seed 
sprouted quickly when planted immediately after collection. These 
findings seem to agree with those of Poptsov (51). 

Seed sown the same season it is collected gives the best germina- 
tion. Seed collected the previous season may require presowing 
treatment as there is a definite period of dormancy which begins some- 
time after harvest. 

Storage must be under such conditions as will insure maintenance 
of adequate seed moisture. Proper seed moisture is also an essential 
factor in relation to sowing by mechanical means. 

The moisture and temperature requirements of germination are 
apparently delicately balanced. The process requires adequate but 
not excessive moisture and takes place only within a limited tempera- 
ture range. 

Land Selection 

In the selection of fields for the cultivation of kok-saghyz, atten- 
tion must be given to the history of the field, particularly in regard 
to previous crops, cultivation practices, weed seed content of the 
soil, and to the vegetation and management of surrounding fields. 
The results of tests emphasized the need for exercising great care in 
the selection of planting sites. 

In 1943 in deciding upon particular fields within areas having the 
necessary qualifications as to soils, temperature, moisture, etc., ad- 
vantage was taken of the experience and knowledge of local conditions 
possessed by State college and experiment station personnel dealing 
with crops whose cultural requirements were thought to be similar 
to those of kok-saghyz. 

The soil on the Pease tract at Seneca Falls, N. Y., proved too 
light, hence subject to blowing, too low in organic matter, and too 
subject to drought. Moreover, the tract was too steep and rolling 
for easy machine cultivation and there was considerable washing 
during heavy rains. The Ontario silt loam on a nearby tract did 
not prove adaptable because of severe crusting which prevented emer- 
gence and it was too stony for careful cultivation while the plants 
were small. 

In Michigan, one selection of sandy loam and Brookston loam was 
made overlooking the fact that there is a poorly drained phase of these 
soil types. The area leased proved to be in that phase. Heavy 
rains throughout the season kept the soil saturated to the extent that 
the plants failed to develop satisfactorily and the wet soil could not 
be cultivated properly. 

726607—47 4 
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While attempts were made to utilize fields which had been previously 
planted to clean-cultivated crops the weeding problem was increased 
greatly by germination and growth of weed seeds from previous years 
stored in the soil. This condition was much worse on the peat soils 
than on the mineral soils. The weed problem on a test plot at East 
Lansing, Mich., was further increased by seed from adjacent areas 
of weed growth. In general, results were much better where kok- 
saghyz followed such crops as sugar beets or potatoes, and were un- 
satisfactory on land which had previously been planted to grain or 
corn or which had been in pasture. 

Ground Preparation 

Lysenko {27, 28) emphasizes proper ground preparation as one of 
the most important factors for successful establishment and growth 
of kok-saghyz. 

Kok-saghyz, like most root crops, requires deep plowing. The 
effect of depth of plowing on the yield of roots is shown by the follow- 
ing figures (21p): 

Depth of plowing (inches) : Roots per acre (pounds) 
5.9       589 
7.9 , 1,481 
9.8   1,776 

Lysenko says that plowing should be done in the fall of the year. 
Altukhov (2) notes that irrigated soils require deep plowing followed 
by harrowing immediately before sowing. Spring plowing is dis- 
couraged, as such treatment tends to dry out and otherwise disturb 
the uppermost soil layer. Lysenko specifically warns against re- 
plowing or deep working of the land in the spring but he does not 
outline procedures for spring preparation. 

In the early spring as soon as equipment can be used the fall- 
plowed land should be disked or floated two or three times. If the 
large soil lumps cannot be broken into a fine mulch the field should 
be harrowed several times with a heavy harrow. It is advisable that 
this harrowing be very shallow, since a surface mulch of loose con- 
sistency will dry out and yet protect the moisture relationships of 
the soil layer immediately beneath. The well worked, level, porous 
top layer should be about ^-inch thick. Harrowing should be done 
in several directions on soils which have a tendency to crust on drying 
(66). All presowing ground preparation should be completed in as 
short a time as possible and be followed immediately by seeding (36). 

Milner (36), Zasiadnokov (66) and other Kussians likewise recom- 
mend fall plowing in the preparation of a fine seedbed. The primary 
purposes of preparation at this time are to secure the mellowing effect 
of frost action, to secure a compact upper layer of soil retentive of 
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moisture and promoting capillarity, and to obtain a thin dust mulch 
to prevent loss of the soil moisture needed to insure seed germination. 
The small seed must be sown about K-inch deep and hence soil mois- 
ture must be retained as close as possible to the surface. 

Spring preparation of the ground was necessary in the 1943 opera- 
tion of the Emergency Kubber Project, except on land held over in 
Montana. However, it was possible to lease some land which had 
been fall-plowed. The Plainfield, Wis., peat had been fall-plowed 
about 12 inches deep. Two of the fields at Moorhead in the Red 
River Valley of Minnesota and one near Crookston, Minn., had been 
fall-plowed to a depth of about 5 inches instead of the desirable deep 
plowing. In addition, three fields at Crookston had been summer- 
fallowed in 1942. Most of the fields at Missoula, Mont., had likewise 
been kept fallow after the failure of the 1942 kok-saghyz plantings. 
All other areas selected for sowing in the spring of 1943 required 
complete spring ground preparation. 

It was recognized from Russian publications and from the simi- 
larity of kok-saghyz seed to the seed of other crops known to require 
careful ground preparation that a well-prepared seedbed would be 
necessary to permit uniform sowing at proper depth and to secure 
favorable germination, satisfactory emergence, and rapid early 
growth of the seedlings. 

Concerning ground preparation advice was sought from county 
agricultural agents, State college agronomists, and the more progres- 
sive farmers in each locality. Their recommendations paralleled 
standard practices of the locality for ground preparation for sugar 
beets, table beets, onions, and carrots. 

In Montana in the spring of 1943, snow remained on the ground 
much later than usual and unseasonable rains in other areas made it 
necessary to alter the plan of ground preparation. It was generally 
necessary to disk and harrow the fields deeply to dry out the soils 
rather than to take action to conserve moisture. Fields with mineral 
soil were plowed deeply, disked twice at right angles, harrowed lightly 
two or three times and the soil then compacted with either a plank 
float or a cultipacker. Frequent rains often made it necessary to 
reprepare the surface mulch. Knutson (&&p) reports that in the final 
preparation before sowing, the combined use of a cultipacker followed 
by a spike-tooth harrow, with the teeth set almost flat, resulted in a 
greatly improved seedbed. After rain the seedbed was harrowed 
lightly to reestablish the mulch. Where the wet period was pro- 
longed it frequently became necessary to disk the unsown area lightly 
before harrowing in order to destroy weeds which had established 
themselves. If deep disking proved necessary to destroy the weeds 
the use of the cultipacker to compact the soil again was desirable. 
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In the Red River Valley concern was expressed over the probabili- 
ties of wind erosion on the fields. It was recommended that a rough 
surface with small ridges of soil be left by light harrowing at right 
angles to the prevailing wind direction. Actually no appreciable 
blowing was experienced in 1943. The wind erosion on the sandy 
soil of the Pease field in New York might have been reduced by 
ground-preparation treatment similar to that suggested in the Red 
River Valley. 

In Minnesota the customary plowing depth is 5 inches, less com- 
monly 6 inches. At root harvest it was found that kok-saghyz roots 
penetrated below this plowsole line. At Stewart, Minn., when the 
root digger pushed forward at a depth of 8 to 9 inches, a shearing effect 
took place at the plow line, breaking the roots at that point. Thus 
the pieces of roots in the 5- to 9-inch depth were lost in the harvesting 
process. Plowing at least 9 inches deep would probably obviate this 
difficulty and at the same time would encourage growth and develop- 
ment of the plant, but there are few soils on which such deep plowing 
could be done without turning up large amounts of subsoil. 

The importance of proper ground preparation cannot be over- 
emphasized. A rough and uneven seedbed will cause trouble in sow- 
ing, later in emergence, and still later in cultivation. 

When the seedbed is finished it should be level, smooth, very firm, 
and free of clods. It should be prepared as well as an onion field or 
fields of other fine-seeded crops. Whatever the degree of preparation 
may be, extra efforts in initial ground preparation will mean a later 
saving in weeding, cultivation, and loss of seedlings due to various 
causes. 

The most satisfactory seedbed on mineral soils is obtained after 
plowing by first using a disk, spring-tooth harrow, or field cultivator 
(fig. 7). This operation should not be done too deeply or it will result 
in too loose a seedbed. It should preferably be done crosswise to the 
direction in which sowing is intended, especially when a disk is used, 
so as to avoid ridges and depressions parallel to the plant rows. Such 
ridges or depressions may not cause difficulty during sowing, depend- 
ing upon the type of seeder used. But they will most certainly cause 
trouble during cultivation where the result will be much covering of 
plants and deep cutting on the ridges while the surface of the depres- 
sions may not be touched by the cultivator. 

If the field is uneven or wavy, because of former cultural practices, 
a heavy float or leveling board should be used immediately following 
the first ground preparation. Leveling should be done diagonally 
across the field and repeated if necessary, at right angles to the first 
direction. Floating serves three purposes: it levels the surface, breaks 
up many clods, and helps create a firm seedbed. 
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FIGUEE 7.—Cultipacker and spike-tooth  harrow being used to level and firm 
kok-saghyz seedbed.    (Forest Service—F-426628.) 

After floating, the area should be harrowed at least twice, crosswise, 
diagonally, or both. A spike-tooth harrow with adjustable teeth is 
preferable. During the first operation the teeth should be set fairly 
straight; during the second and following operations the teeth should 
be laid back so as to give a pulverizing and packing effect. 

The ground should then be cultipacked and worked again with a 
spike-tooth harrow. A very light harrow, or one with adjustable 
teeth, can be used for this purpose and may be attached behind the 
cultipacker. If an adjustable-tooth harrow is used the teeth should 
be laid back. The cultipacking will result in a firm seedbed kept moist 
by capillarity during the germination period. The smooth surface 
and light mulch created by the last light harrowing will, under ordi- 
nary weather conditions, prevent excessive evaporation. 

None of the deeper types of preparation, such as disking, should be 
done when the soil is wet. Working the soil under such conditions 
will generally result in "clodding." It is better to stir the topsoil 
with a light harrow to facilitate drying before undertaking any other 
cultivation. 

Most of the soil-preparation operations should be done during the 
late summer and fall preceding sowing so that frost action may make 
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the soil light and friable. Only the application of fertilizer and a light 
working of the topsoil should be done in the spring to eliminate the 
danger of working the soil up into clods and to preserve soil moisture. 

Ground preparation on peat soils varied a great deal from that on 
mineral soils. In 1943, peat areas in Minnesota were flooded until the 
first part of July and soil preparation had to be started while the ground 
was still saturated. It was soon found that only crawler-type trac- 
tors could be used and that even these had to be equipped with 
wooden extension cleats. Disks and field cultivators were used for 
the initial ground preparation. The disk seemed to do a better job 
of exterminating the weeds. After disking, the fields were harrowed 
with a spike-tooth harrow. After several harrowings the seedbed 
still remained very rough and loose. The general practice is ta pack 
the soil by means of a heavy roller following harrowing. This was 
tried, but because the wet soil stuck to the roller use of this equip- 
ment had to be given up, and floating, using a heavy plank, was re- 
sorted to instead.    A fairly smooth seedbed resulted. 

Ground preparation for cultivated peat soils followed the general 
practices on mineral soils. Based on the experiences of 1943 and 1944, 
it may be stated that these soils are apt to be too wet in early spring 
to permit preparation for early sowing unless they are drained by sur- 
face ditches and either tile or "mole" drains. In the Everglades 
section of Florida "moles" serve for both drainage and subirrigation. 

As peat soils hold the frost longer in the spring, it is extremely 
important that they be plowed in the fall. Deep disking in the spring 
aids in drying out the surface soil. Anderson (Ip) used a 12-foot Case 
cultivator satisfactorily to dry the surface soil. For these operations 
ordinary farm-tractor equipment is not suitable, but crawler-type 
tractors with cleat extensions on the tread proved satisfactory. 

Two types of peat soils near Aitkin, Minn., were used in 1943—peat 
which had previously been cultivated and thus was well decomposed, 
and raw peat. 

An attempt was made to provide a proper seedbed on the State 
field of uncultivated peat at Aitkin, Minn. In a test a 22-inch break- 
ing plow and a heavy crawler-type tractor turned the heavy sod 
under to a depth of 10 to 12 inches. However, it had been noticed 
that in a portion of the Gleason field little decomposition and disin- 
tegration of sod took place after a full year, and it was anticipated 
that considerable difficulty would be experienced in harvesting roots 
from such sod areas. In order to break up the sod it was necessary 
to work thé area three times with a heavy 4-foot tandem disk plow 
followed by three diskings with a 7-foot tandem disk, after which the 
22-inch breaker plow was used. The usual disking, harrowing, float- 
ing, and rolling resulted in a reasonably good seedbed, but at an ex- 
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cessive cost. An additional area was prepared during the summer 
and fall for fall seeding. An Athens heavy-duty, brush disk was 
used seven times and the tandem disk eight times. 

While experience during the year pointed out ways and means for 
subduing wild or raw peat lands, the suitability of such lands for kok- 
saghyz could not be given satisfactory trial. It is believed that such 
lands should be used for other crops for a few years before being 
seeded to kok-saghyz. 

It is essential that capillarity of peat soils be restored by heavy 
rolling after plowing and surface preparation. At Aitkin a 4-foot roller 
weighing 3,000 pounds pulled by a 15 hp. crawler-type tractor was 
used and in order to speed up the work another roller made from three 
gasoline drums filled with concrete was used with a 10 hp. crawler- 
type tractor (Ip). A heavy 10-foot roller filled with water was used 
at Plainfield, Wis. (15p). In the absence of a heavy roller at Saginaw, 
Mich., Milnes (88p) used a cultipacker and secured reasonably satis- 
factory results. Mays (9p) found it necessary to use a cultipacker 
with a heavy plank float at Klamath Falls, Oreg., to secure a satis- 
factory seedbed, although here the availability of water for subirriga- 
tion on this tract more or less eliminated the necessity for compacting 
the soils to insure capillarity. 

Land to be used for fall or winter planting requires preparation 
during spring or summer. Light harrowing at intervals, or use of 
shallow cultivation or weeding devices is necessary to control weeds 
without causing excessive loosening of the soil after preliminary ground 
preparation. 

Knutson (&¿p) emphasizes the need for proper timing of ground 
preparation operations and for having sufficient suitable equipment 
available to do the required work at the proper time. Farmers in the 
Red River Valley of Minnesota are equipped to work their land 24 
hours a day when conditions permit. Project tractors were not 
equipped with lights and in several instances, before sowing was 
completed, rain made it necessary to delay operations several days. 
Moreover, there was not enough equipment to work several fields at 
the same time. 

While the methods employed in ground preparation will differ with 
the soil type and the equipment available, the best general practice 
appears to be deep loosening of the soil with maintenance of a compact 
though friable upper layer to retain moisture and otherwise insure good 
germination and emergence. 

Except for deep plowing, problems presented by kok-saghyz in 
ground preparation do not differ materiafiy from those encountered 
with any other fine-seeded root crop. 
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Soil Fertility and Fertilization 

Russian articles regarding soil fertility include such statements as: 
"The most important factor in the culture of kok-saghyz is fertility 
of the land used." "Its cultivation on highly fertile land is one of the 
most important conditions for success.,, "Kok-saghyz requires barn- 
yard manure and mineral fertilizer, irrespective of the fertility of the 
soil and the nature of its predecessor/' Such statements along with 
many others stress the importance of fertility in the production of 
kok-saghyz plants. 

Mikhailov (34), on analyzing soil specimens from kok-saghyz fields 
in various parts of Russia, noted that, in general, high root yields were 
obtained on soils with a neutral or slightly alkaline reaction and that 
the plant will not thrive on soil with a pH below 4.5. On acid podsol 
loam soils tests have shown that liming promotes more vigorous 
growth and increases root weight, yield of roots per acre, percent and 
total yield of rubber, and density of plants. The most favorable effect 
on acid podsol soils was obtained with a treatment of 2.8 tons of lime 
per acre. 

Fertilizers commonly used in the U. S. S. R. are complete mineral 
fertilizers, manure, cottonseed cake, and peat (2). They are applied 
to the soil at different periods in the culture of the plant and introduced 
in different ways (3). The main fertilizer may be plowed or disked 
into the soil in the fall to become available when the roots reach deep 
into the soil. To support early growth, mineral fertilizers may be 
applied previous to or at the time of sowing. Supplemental fertilizing 
may be done once or twice during the growing season; first when 2 
or 3 leaves have formed and again when flower buds appear. This 
supplemental feeding, in dry or liquid form, should be introduced as 
close to the rows as possible without endangering the plants by burning 
and at a depth of 1.5 to 2.0 inches for the first treatment and 4.0 to 
4.7 inches for the second. 

In areas under irrigation fertilizers applied before sowing are placed 
at the bottom of the furrow to eliminate the danger of producing high 
concentrations of salts in the upper soil layers while the plants are 
young (#). 

The effect of time and depth of application of the main fertilizers 
on the yield of roots and rubber is shown in the following figures (3) : 

Fresh roots   Rubber in      Rubber 
per acre       dry roots      per acre * 
(pounds)     (percent)     (pounds) 

No fertilizers       3, 356 5. 9        44. 0 
Fertilizers (nitrogen, 53 pounds per acre; phosphorus, 

66 pounds; potassium, 40 pounds) : 
Introduced in the spring before harrowing       4,909 8.7      105.7 
Introduced in the fall before plowing       5,489        10.1      137.2 
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The complete role played by individual fertilizer elements is not 
understood, but experiments conducted by Neuman (/¡.l) indicate that 
light applications of nitrogen tend to increase rubber content of roots 
whereas heavy applications reduce the content. In dry seasons in- 
creased application of nitrogen prolong the growth period and thus 
permit greater accumulation of rubber. It is recommended that to 
obtain this increase in yield both nitrogen and phosphorus be applied 
in a 1:1 ratio. Nitrogenous fertilizers do not increase and may even 
decrease carbohydrate accumulation ia the roots, whereas phosphates 
and potassium stimulate this accumulation. Phosphates have a vari- 
able effect on rubber accumulation. During moist seasons they 
increase rubber and in dry seasons decrease it. Phosphate tests 
conducted by Mikhailov {85) show that increased amounts of phos- 
phates during the early life of kok-saghyz cause the plant to make 
rapid growth especially where application is made close to the roots. 

Tests conducted by Drobkov {IS) indicate the importance of boron 
and manganese, two elements which greatly influence the yield of roots 
and content of rubber. 

The data on Russian experience with fertilizers were not available 
during the spring sowing season of 1943. However, the 1942 adapta- 
tion and production tests indicated increased yield on the better agri- 
cultural soils in comparison with the low fertility, sandy soils of Forest 
Service nurseries, even though the latter had received several applica- 
tions of fertilizer during the growing season as well as annual appli- 
cations of compost fortified with complete fertilizers. 

Fertility tests on these light sandy soils indicated quite conclusively 
that kok-saghyz requires a fertile soil with high organic content for 
the best seed and root yields {^p)- The nursery soils were on the 
acid side (as required for coniferous tree production). Stoeckeler {4.0p) 
indicated that use of 480 pounds per acre of a high analysis N-P-K 
fertilizer supplemented by a ton of lime per acre resulted in a cal- 
culated sevenfold increase in seed yields and in double the root yield. 

Greater vigor was noticed in plants on small areas where the organic 
content of the soil was higher. In the 1943 production program all 
fields were to be fertilized in accordance with standard practice for 
root crops in the locality and following the advice of State college 
soils experts and agronomists, or of the local county agricultural 
agents. At the same time comparative tests were to be undertaken 
to determine the value of commercial fertilizers and manures. 

Coster {Gp) reports a 100-percent increase in seed yield over areas 
without treatment when manure and fertilizer were supplied at the 
rate of 20 tons of manure plus 100 pounds of treble superphosphate 
per acre. He also reported no significant differences in seed, root 
yield, or rubber content where various amounts of commercial fer- 
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tilizer were applied, nor could differences in rubber content be traced 
to the several fertilizer practices tested. 

At Plainfield, Wis., a side dressing of 3-9-18 commercial fertilizer 
applied to peat soil at the rate of 250 pounds per acre, following an 
initial application of 1,070 pounds of 0-14-14, resulted in a slight but 
consistent increase in the computed fresh weight of roots per acre. 

Kluender (21p) reports more plants per linear foot on unfertilized 
peat soils at the end of the growing season than where 600 or 1,000 
pounds of 3-9-18 fertilizers were used, but the weight of the individual 
roots averaged nearly 50 percent heavier where fertilized. Since 
there were many undetermined factors, it is not suggested that the 
lighter stands were a direct result of the fertilizer treatment nor that 
the heavier weight of the individual roots should be attributed solely 
to the fertilizer. 

Bureau of Plant Industry, Soils and Agricultural Engineering in- 
vestigators (38p) conducted a number of detailed fertilizer tests at 
St. Paul, Minn., and other locations, as well as greenhouse studies of 
the different fertilizer treatments. 

Tests were started in the spring of 1943 on kok-saghyz plantings 
sown in 1942 and 1943 to determine the kinds and amounts of fertilizer 
required to obtain the highest yields of roots, rubber, and seed per 
acre on mineral and peat soils at different locations. Many of these 
tests failed because of excessive cold and wet spring weather or were 
abandoned before the season was over because of unfavorable soil or 
other conditions. Several of the tests carried through the season 
showed no response to the fertilizer treatments. There were indica- 
tions that the heavy applications of fertilizer used on some of the dry 
western soils caused a decrease in the stands of kok-saghyz. The 
level of fertility of some of these soils was adequate for kok-saghyz 
production and additional fertilizer had no effect on the yields of roots 
and rubber or the rubber content of the roots. 

There is a suggestion in the results that perhaps best root, rubber, 
and seed yields can be expected when phosphorus is applied in the 
spring and nitrogen and potassium are supplied before the full-flower- 
ing period in the summer (K of the nitrogen and potassium supplied 
at planting time, % at the bud stage, and the remaining # at full-flower). 

From greenhouse tests at St. Paul, Minn., on raw, acid peat from 
fields at Aitkin, it was concluded that applications of nitrogen, phos- 
phorus, and potassium will not produce satisfactory yields unless 
heavy applications of lime are made in advance. If fine limestone is 
used, it can be applied immediately before sowing, but much better 
results would be obtained if applications were made 6 months earlier. 
If coarse limestone is used, it should be applied as much as a year in 
advance. 
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Greenhouse tests on peat soil from Klamath Falls, Oreg., fields 
showed increased yields where a mixture of such minor elements as 
boron, zinc, manganese, and copper were used. 

Building up an adequate knowledge of the fertilizer demands of 
kok-saghyz requires continued study of the mineral nutrition of the 
plant and detailed analyses of such soils as may be selected for its 
production. It is probable that proper use of fertilizers could do much 
to overcome the weak early growth which has characterized 
kok-saghyz. 

Fertilizer requirements will depend upon the fertility level of soils 
selected, upon the purpose for which the plants are being grown, and 
upon the balance which must be obtained between rate of growth and 
rubber production. 

Analysis of a few samples of rubber in 1944 showed rather high 
content of copper, iron, manganese, and other elements generally 
considered to be objectionable in rubber because of their effects on its 
quality and aging properties. When selecting soils as well as when 
applying fertilizers attention should be given to the presence of these 
elements in forms which can be absorbed by the plant. 

Time of Sowing and Its Effect on Germination and Emergence 

The first plantings of kok-saghyz were made as soon as possible 
after the arrival by plane of a small quantity of Russian seed in May 
1942. No information was then available as to the proper time of 
sowing. On the basis of its apparent similarity to other crops it was 
assumed that kok-saghyz should be spring sown. 

When translations of Russian articles became available it was 
revealed that Russian investigators had made several studies of the 
relation of temperature to germination of kok-saghyz seed. They 
reported that in the spring seed begins to germinate when the soil 
temperature reaches 41° to 50° F., but that a high degree of 
germination does not occur until the soil temperature reaches 77°. 
Late fall sowing is supposed to result in somewhat more uniform 
germination because seed sown at that time does not germinate until 
early spring {25). The lower temperatures characteristic of early 
spring make for slower but uniform germination. Zasiadnokov {66) 
reports that difficulty has been experienced in obtaining good, uniform 
stands of seedlings from spring sowing. However, spring sowing has 
several advantages over fall sowing and is recommended by Altukhov 
{2) for every region in the U. S. S. R. in which kok-saghyz is com- 
mercially cultivated. 

It is reported {1) that as late as 1940, two-thirds of the entire 
kok-saghyz area in Russia was planted before winter.    Fall sowing has 
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the advantage of not conflicting with other farm duties and con- 
siderable care can therefore be given to this operation. But it carries 
a high risk in assurance of a successful stand. One report (1) states 
that it is essential that seed planted in the fall not begin to sprout 
before winter. The weather probabilities must be weighed carefully 
to select the proper sowing date. Fall sowing has sometimes resulted 
in failure due to freezing of seedlings which have germinated too early 
in the spring, as well as to formation of early spring soil crusts (2). 
Altukhov states that for several years and for all regions of commercial 
cultivation in the U. S. S. R. fall sowings of kok-saghyz always produce 
considerably lower yields than spring sowings. 

It was anticipated at the beginning of the 1943 program that all 
sowing would be done in late April or early May. Actually, only a 
small acreage was sown during that period because of unseasonable 
weather conditions including a late spring, heavy rains, and flooding. 
A considerable portion of the early seeding was lost because the soil 
became too wet for cultivation and weeding. After the early sowing, 
weather conditions were exceptionally fine for vigorous weed growth 
and in some cases it appeared more economical to resow after the weed 
crop was destroyed. Sowing was done at Moorhead, Minn., on 
April 21 and 22, followed by other sowing in the periods April 28 to 
May 1 and May 3 to 4. At Crooks ton all sowing, except for one 
field, was done during the last half of May. At Plainfield, Wis., sowing 
was started on May 13 and finished on May 18. In Montana and 
Oregon sowing was done during May. 

Except for the Plainfield area, the peat soil was too wet for any 
sowing until June and at Seneca Falls, N. Y., the sowing period 
extended until July 1. 

A spring season total of 750 acres was projected and 655 acres or 
86 percent was actually sown. Of the original acreage sown 28 
percent was lost because of weather conditions or some other reason. 
Part of this loss was made up by reseeding once and sometimes twice. 
But on a considerable part of the 108 acres reseeded stands were light 
and unsatisfactory. 

The total acreage brought through to root harvest amounted to 522 
acres or 80 percent of the original area sown. This percentage com- 
pares favorably with the accomplishment by farmers in the several 
kok-saghyz planting areas, many of whom failed to plant their 
proposed acreages of other crops or were forced to change to some crop 
which normally is planted in late spring or early summer. 

Table 5 shows the acreages sown, reseeded, and carried through the 
1943 season. "Carried through" does not necessarily mean that the 
crop was a successful one in terms of stand, growth, and yield of seed, 
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roots, and rubber; it simply means that a sufficient stand was secured 
to warrant weeding, cultivating, roguing, and other operations 
included in the experiment. 

TABLE 5.—Acreages sown to kok-saghyz in 1943 

SPRING 

Original sowing Reseeding 

Location Sown Carried 
through Sown Carried 

through 

Mineral Peat Mineral Peat Mineral Peat Mineral Peat 

Moorhead, Minn  
Crookston, Minn  
Stewart, Minn  
Aitkin, Minn     

Acres 
144 
146 

12 

Acres 

47' 
39 
74 

26" 
21 

Acres 
127 

98 
0 

19" 
36 

0 
2 
1 
9 
8 

10 

Acres 

34_ 

39 
60 

Acres 
5 

i 75 
8 

Acres 

'   ~3~ 

Acres 
5 

41 
0 

Acres 

Plainfield, Wis 
Saginaw. Mich.                      24 

56 
1 
3 
1 

26 
25 
10 

Missoula and Frenchtown, Mont  
Lewistown, Mont.             ..-- 

10 7 

Miles City, Mont 
Bonners Ferry, Idaho _.         
Klamath Falls, Oreg 23 

0 Seneca Falls, N. Y  
Burlington, Vt 

7 2 

Total  448 207 310 156 105 3 55 1 

FALL 

Belle Glade, Fla 17 __ 
13 

9 8 7 
Napoleonville, La             _.        . _. 4 

13 Guayule project 

Total  17 17 13 9 8 7 

i Includes second reseeding of approximately 15 acres. 

There is no doubt that early sowing under good conditions will result 
in the best stands in regard to root yield and probably even more in 
regard to the first year's seed yield. The latter was particularly 
evident in the Wagner field at Crookston, Minn., originally sown on 
April 24, 1943. The seed yield from the original sowing was 18.9 
pounds per acre as compared with 4.5 pounds per acre on that part of 
the field which was reseeded on June 11. 

The size of plants resulting from later sowings will, of course, be 
somewhat smaller than those from earlier sowings. For instance, at 
the time of lifting, the root yield on the original seeding on the Wagner 
field at Crookston was 3,381 pounds per acre, while the yield on a 
reseeded part of the same field was 2,793 pounds per acre. Both areas 
were harvested on the same day and the number of roots per linear 
foot was about the same. The average root weight from the first 
sowing was 10.8 grams while on the reseeded area the roots averaged 
9.1 grams.    (28,349 grams=l ounce av.) 
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On the Bekkerus field at Moorhead, Minn., originally sown on 
April 22, the root yield at the time of harvest was 2,208 pounds per 
acre. The portion of this field which was reseeded 5 weeks later, 
on May 31, yielded 2,372 pounds per acre. That the reseeded part of 
the field gave a higher yield was due to the greater density of plants 
resulting from the reseeding. The average root weight in the original 
sowing was 5.5 grams compared with 4.4 grams in the reseeded portion. 

Both these fields were reseeded under favorable weather conditions 
and sufficiently early for the plants to take advantage of the best part 
of the growing season. 

It is certainly preferable to sow somewhat later under good seedbed 
and moisture conditions than earlier under poor conditions. Very 
late seeding, however, is a gamble. Because of unfavorable weather 
conditions during the spring and early summer of 1943, some late 
seeding had to be done. A good deal of this was unsuccessful, mostly 
because the weather turned hot and dry for several days following 
sowing, thus preventing germination or killing newly germinated 
seedlings. Generally, sowing should be completed, at least on mineral 
soils, by June 1 in the Red River Valley of Minnesota. On peat soils 
in the North, under ordinary conditions, no sowing should be under- 
taken after June 15. 

Two Red River Valley fields which were partly reseeded rather late 
and during hot weather, show the comparison between the original 
sowing and late reseeding under poor conditions : 

Plants per foot   Average root     Yield per acre 
Woodstrom field : {number)      weight ((¡rams)      (pounds) 

Original seeding, May 1, 1943  4. 3 8. 8 2, 595 
Reseeding, June 29, 1943  1. 4 7. 9 774 

A. Thureen field: 
Original seeding, May 20, 1943  7. 0 6. 9 3, 266 
Reseeding, June 30, 1943  3. 1 6. 1 1, 274 

Sowing Methods 

According to the Russians, sowing should be done with a disk drill 
to which are attached rollers to firm the seed in the soil (2). Prior to 
seeding, a filler is prepared which is then mixed with the seed to obtain 
a uniform rate of sowing and prevent moist seed from blocking the 
drill. Zasiadnikov (66) reports that millet chaff and dry sawdust are 
considered good for this purpose. Millet chaff should first be freed 
of weed seed or roasted to kill the weed seeds. The seed and filler 
are thoroughly mixed in a predetermined proportion. During the 
sowing the mixture should be frequently stirred to insure uniform 
distribution.    Altukhov (2) states that where sawdust is used as a 
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filler, a ratio of 1 part seed to 15 parts fine sawdust by weight is 
satisfactory. 

It has also been suggested that kok-saghyz be sown in specially 
prepared soil balls (66). Such seed balls might have the advantage 
of obtaining better distribution. Seedlings from such balls, germi- 
nating in clusters, are better able to break through soil crusts. Peas 
and vetch which are sown with the balls germinate early and mark 
the rows for early cultivation. Each seed ball produces 3 to 5 plants. 
When sown uniformly at the recommended rate and row spacing, they 
may produce a stand of from 65,000 to 90,000 plants per acre. Seed 
balls are prepared by molding stratified seed, fertilizers, and soil. 
They are then dusted with chalk so they will flow freely through a 
grain or vegetable drill. 

Many sowing practices used in the cultivation of sugar beets in 
the U. S. S. K. were applied to kok-saghyz culture (60). The single- 
row sowing is the commonest used in the U. S. S. R. and can be drilled 
four rows at a time with horse-drawn drills or eight or nine rows with 
tractor-drawn drills (66). Altukhov (2) reports that on weed-free 
areas rows may be sown in pairs or three or more rows together 
leaving strips for cultivation between the beds thus created. By 
sowing rows in this manner the number of plants per acre is increased, 
but such spacing often makes subsequent care to the crop more diffi- 
cult, especially if the field is weedy and cultivation within the rows is 
required. 

Lysenko (28) says that under normal conditions, the more shallow 
the sowing, the quicker and better the germination. Seed sown 
deeper than 0.8 inch usually fails to germinate, as does seed sown 
too shallow in dry soil. The best results in the U. S. S. R. have been 
obtained when seed was sown 0.2 inch deep. This shallow sowing 
requires measures to retain the moisture in the upper soil layer. 

It is reported that on many farms in the Kharkov region drill rows 
after sowing are covered with fine humus (50). The humus prevents 
crust formation and retains soil moisture in the upper soil layer. It is 
applied at the time of sowing in strips about 2.5 inches wide and 0.2-0.4 
inch deep. Another practice is to sprinkle the rows with sifted 
rotted manure (2). When humus or manure is used, sowing should 
not be deeper than 0.2 inch. The following comparison shows the 
effect of humus and rotted manure on kok-saghyz root yield (3): 

Boot yield per acre With covering 
without, covering (pounds): (pounds) 

2,249  3,132 
1,625 2,008 
1,713 2,704 
2,856  4, 302 
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In Russia kok-saghyz seed is sown at the rate of 1.8 to 2.6 pounds 
per acre in single or paired rows, 2.6 to 3.6 pounds per acre in triple 
rows, and 3.6 to 4.9 pounds per acre where 4 or 5 rows are sown to- 
gether (#). In the first plantings in this country seed was sown at 
approximately 3 pounds per acre (in single rows) in conformity with 
the Russian practice. Later when the low viability of the seed was 
recognized, the rate of sowing was increased to as much as 5 pounds 
per acre. 

Although Russian papers suggest sowing with sugar-beet drills, the 
1942 production tests at Missoula, Mont., indicated that sugar-beet 
drills and similar equipment available on farms in that locality were 
poorly adapted to the fine seed of kok-saghyz. Jones {19p) reports 
that in 1942 at Cass Lake, Minn., three types of seed drills were tried, 
the forest tree-seed drill adjusted to four rows at one time, a single- 
row common garden seed drill, and a 4-row unit of Planet Junior make, 
attached to the rear cultivator bar of a Farmall "A" tractor. The 
garden seed drills did the most satisfactory work. Coster (Sp) found 
that it took six men with individual hand-propelled garden drills to 
do as much sowing as could be done with a multiple-unit tractor- 
drawn drill in 1 day. 

In planning the production program, the field sowing, cultivating, 
and seed picking were integrated to facilitate mechanization of the 
field operations. 

A rigid 8-row type of drill pulled by a tractor was secured for trial. 
It worked satisfactorily in the Red River Valley of Minnesota only 
where the surface of the ground was absolutely flat between the wide- 
spread wheels of the drill unit. Where the ground was uneven one 
or more drills dropped the seed on the surface of depressions or sowed 
too deeply in slight rises. 

On the other hand, the individual seeding units attached to the 
rear cultivator bar followed the contours of the ground and did a 
satisfactory, even sowing job (fig. 8). The depth of sowing was con- 
trolled readily but it was necessary to substitute a light chain drag 
in place of the regular covering device. Some difficulty was met in 
attempting to sow when the soil was too wet and when the pretreated 
seed was too moist. Moist seed has a tendency to adhere in lumps 
and not flow readily from the drill. 

When sowing was first begun it was assumed that the pretreated 
seed could not be dried below 35 percent moisture content without 
injury to the seed or inducing a return to dormancy. Thirty-five 
percent moisture resulted in an uneven flow of seed. The period of 
sowing was extended for pearly 3 months because of weather condi- 
tions and during this time it was discovered that the seed could safely 
be dried below 35 percent.    Drying to 25 to 30 percent allowed an 
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FIGURE 8.—A multiple-row, tractor-attached seeder made up of model  300-A 
Planet Junior units.    (Forest Service—F-426632.) 

even flow of seed, but it was still necessary to have a mati follow the 
drills and to keep constant watch of the drills and the seed flow. 
The Planet Junior drill is so constructed that one can see the seed 
fall to the ground. 

The 8-row Planet Junior seeder, built up from seed boxes No. 300A, 
proved to be the most satisfactory machine for it could be set and 
maintained at a desired depth more easily«than the pull-type seeder. 
Also, because of the short distance from the seed boxes to the ground, 
there is less chance of the seed clogging in the seeder tubes and a more 
even flow of seed is obtained. Since this machine is mounted on a 
cultivator bar, attached to the tractor, it has, at least on mineral soil, 
a further advantage over the pull-type seeder in that it can be turned 
more quickly and in a shorter space at the end of the ii-eld. 

The lifting of the seed drills of the Planet Junior 300A type seeder, 
when turning, is done from the tractor by hydraulic lifts whereas the 
drills of the pull-type are, of necessity, hand operated. Also, where 
the ground is somewhat uneven the more flexible seed drills of the 
300A type will follow the, contours while the pull-type seeder will 
push through the obstructions and seed too deeply on the high spots. 

On the ridges which occurred in some of the fields the shoe of the 
pull-type seeder left tracks up to 2 inches deep.    The seed was sown 

72 B007—47- 
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at the depth of ]i to % inch below the seeder shoe. Winds and heavy 
lains later filled these tracks with soil. Numerous misses and failure 
spots resulted. 

The agitator attachments in the Planet Junior 300A seeder are 
directly over the drill openings and proved much more effective than 
the agitators in the other type, which are in a horizontal position and 
cause considerable clogging. 

Because of the shortage of rubber tires in 1943, iron-wheel tractors 
were used. These were hard to handle, especially in steering. As a 
result, the rows in some of the fields were crooked. To a great extent, 
use of rubber-tired wheels would have eliminated this trouble. The 
row marker was set so that steering had to be done over either of the 
front wheels, that is, the front wheels had to follow the mark. This 
alignment makes straight steering difficult. The marker should be 
set for center steering instead. Crooked rows cause considerable 
difficulty in cultivation. 

Time and again depth of sowing proved the most important single 
factor. It cannot be stressed too strongly that depths exceeding 
% inch will result in poor stands. In using the Planet Junior seeder 
without tension springs attached, the depth of the seed drills should 
be set in the third or fourth notch from the bottom, depending on the 
compactness of the seedbed. If the tension springs are used the seed 
drills should be set at the second or third notch depending on the 
firmness of the seedbed. 

If the soil is fairly loose or lumpy, the covering device should be 
taken off and the seed covered by the rear packing wheel only. If the 
topsoil is especially dry the covering device also should be taken off 
since it has a tendency to drag in an excessive amount of loose and 
dry topsoil as well as clods, and thus cover the seed too deeply. Under 
such conditions it would be safer to delay the seeding a few days until 
after the first rain has reestablished the capillarity in the topsoil. No 
germination will take place while the seed lies in the dry topsoil and 
much seed, if pretreated, will be lost where such conditions prevail for 
any length of time. 

A few more days delay after the soil has been worked has the further 
advantage of giving the weeds a chance to germinate. These newly 
germinated weeds are easily killed by a light harrowing. Under 
especially weedy conditions this practice should always be used. 
Under such conditions light harrowing at 2- to 4-day intervals im- 
mediately prior to sowing will save much labor and expense in weeding 
later in the season. 

The extreme importance of depth of sowing was evidenced in many 
of the fields in 1943. Because of dry conditions the first half of the 
first field was sown at a depth of about 1 inch and probably deeper in 



RUSSIAN  DANDELION 61 

places. As rain fell the following night, the seed drills were raised 
about % inch the following day and the rest of the field was sown at 
this depth. In the second part of the field emergence took place in 
less than 2 weeks and a fair stand resulted while on the area sown 
1 inch deep few plants emerged. The area was carefully checked 
several times during the following month and it was noted that there 
was fair germination even though the seedlings did not emerge. 

Depth of sowing tests established later showed the same tendencies 
as indicated in table 6 for two separate fields. 

While sand mulching may not be a practical undertaking on large 
fields because of the amount of dry sand required, a mulch could 
easily be applied on smaller experimental areas to promote full germi- 
nation. The increased germination and emergence obtained by using 
a sand or peat mulch may reduce the sowing rate by one-half. Sowing 
and mulching can be done mechanically in one operation. 

Existing seed drills are sharply pointed and deposit the seed in a 
narrow V-shaped trench, from the deeper part of which many seedlings 
fail to emerge. A flat-bottomed seed drill which would deposit the 
seed in a shallow but broad band about the width of the seeder wheel 
would probably give better results. 

TABLE 6.—Emergence as related to depth of sowing 

GLEASON TRACT, AITKIN, MINN.-PEAT SOIL 

Depth of sowing 

Surface (1st notch) i  
Surface—sand mulched 2_ 
Shallow (3d notch)  
Medium (4th notch)  
Deep (6th notch)  

Average seedlings per foot 

20 days 
after 

sowing 

Number 
25.9 
41.9 
15.8 
9.3 
4.0 

30 days 
after 

sowing 

Number 
20.2 
31.2 
12.4 
7.0 
3.3 

60 days 
after 

sowing 

Number 
19.6 
31.0 
11.9 
7.0 
3.5 

Leaf spread 
60 days 

after 
sowing 

6.2 
6.0 
6.1 
5.1 
4.6 

GROVER FIELD, MOORHEAD, MINN—MINERAL SOIL 

Surface (1st notch) i  
Surface—sand mulched 2_. 
Surface—peat mulched  
Shallow (3d notch)  
Deep (5th notch)  

13.6 
18.1 
6.0 

11.1 
7.1 

7.6 
13.2 

9.4 
5.6 

5.2 
6.1 
4.2 
5.0 
4.8 

i All depths were sown at the same density. Setting the seed drill in the first notch placed the seed on 
the surface of the soil. The covering devices of the seeder were not used. The only covering was done by 
the rear packing wheel.   Most of the seed was exposed. 

2 The sand mulch was applied with a single hand-operated Planet Junior seeder at a thickness of about 
H inch immediately following sowing. 

Kok-saghyz requires not only a shallow planting but a compact 
seedbed. The effect of compacting was evident at ends of the fields 
where equipment was turned around. In filling the seed boxes some 
seed was usually spilled on this hard ground and later produced dense 



62 MISC.   PUBLICATION   618,   U.  S.   DEPT.   OF  AGRICULTURE 

clusters of plants. Cultipacked as well as floated strips through vari- 
ous fields, because of the more compact nature of the seedbed and 
consequently shallower seeding, have shown quicker and better emer- 
gence than the looser seedbeds adjacent to these strips. 

A part of one field (Bekkerus) at Moorhead, Minn., where the 
seedbed had been too loose was reseeded a month after the original 
sowing. The only ground preparation, done prior to the reseeding 
and disturbing as little as possible the compact seedbed which, during 
the elapsed month, had been hardened by rains, was the use of a heavy 
float mostly to scrape off and uproot the weeds that had become estab- 
lished and to level off the tractor tracks. The seedbed was compara- 
tively firm and seeding was shallow, less than % inch. Presprouted 
seed was used. Germination and emergence on this part of the field 
was rapid and uniform. The rows could be distinguished in 5 days 
and the reseeding resulted in an excellent stand. The cost of weeding 
on this area was low because of the destruction of the weed crop prior 
to seeding. 

Germination and Emergence 

Russian articles (2, 19, 27, 28) indicate that with proper pretreat- 
ment of the seed and with the seed sown in properly prepared moist 
soil some germination takes place in 5 to 6 days and germination is 
generally complete in 15 days. Lysenko {27, 28) emphasizes the 
necessity for testing seed during pretreatment to determine the time at 
which it is ready to sprout. Altukhov (2) indicates there is usually 
enough rain in April and May to insure uniform and complete germi- 
nation so that it is not necessary to rely wholly on capillarity. He 
recommends that in irrigated areas several soaking irrigations be given. 
Poptsov {51) found that the range of temperature at which germina- 
tion takes place is rather limited. Temperatures fluctuating between 
68° and 86° F. result in the most prompt and complete germination. 
He shows that temperatures of 95° F. are damaging. At 44.6° only 
8 percent of the seed germinated in 15 days but if enough time was 
allowed a fairly high percentage of germination was obtained. 

Altukhov {2), Koroleva {19), and others called attention to the fact 
that kok-saghyz produces weak seedlings which grow with difficulty 
for the first 30 to 40 days. They do not make direct reference to 
losses in germination and emergence. 

Coster {5$) reported that crusting of silt loam soils at Missoula, 
Mont., and silty clay loam soils at Miles City hindered emergence. 
He was not able to develop a satisfactory means of breaking the crust 
without doing considerable damage to the weak seedlings at the same 
time. This factor was of considerable importance in the production 
of the very light stands in Montana in 1942.    In 1943, Coster (%) 
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found that keeping the soil thoroughly wet by irrigation prevented 
crusting in the same fields where it was so severe in 1942. 

Stephenson {39p) points out that crusting was not serious at 
Moorhead, Minn., on the Bearden silt loam in 1943 but that it did 
prevent some emergence and caused losses in early cultivation. Culti- 
vator teeth broke the soil within the row into clods and where the soil 
close to or within the row was greatly disturbed the seedlings died. 
Moore (SOp) reports that the Bearden silt loam had a tendency to 
crust whenever even a moderate rain was followed by warm weather 
but that subsequently the crust slackened and disintegrated. This 
breaking down of small clods and of the crust is said to be character- 
istic of these silt loam soils. Frequently rains during the period of 
emergence softened the soil so as to allow the seedlings to penetrate 
the crust. 

Kirkpatrick {20$) reports that the Webster silty clay loam at 
Stewart, Minn., also crusted. Part of the field was reseeded because 
of a poor stand and excessive weed growth during the period when the 
ground was too. wet to allow weeding and cultivation. Crusting of the 
soil was reported to be greater in the reseeded area than it was in the 
originally seeded area. This may have been due to the greater rain- 
fall and the hotter weather at the time of reseeding. 

There was some crusting reported on the Ottawa loamy fine sand at 
Geneva, N. Y. On the Ontario loam soil at Seneca Falls crusting was 
severe. Inasmuch as this area was experimentally of considerable 
importance, strenuous measures were taken to overcome this crusting 
{Sip). Each weeder was given a piece of 2- by 4- by 12-inch lumber 
with nails driven through one end to break the crust at the time of 
weeding. 

Crust breaking to secure satisfactory emergence is a job requiring 
daily coverage of acreages and fields rather than a small linear footage 
of row. Such methods as were used on a small scale could not be 
employed on a production program. 

Zehngraff (44P> 45V) tested the value of a sand mulch and secured a 
much better stand from the mulched rows but he questions the prac- 
ticality of this operation on a large acreage basis. Using an applica- 
tion from }{ to }{inch deep on rows 16 inches apart would require about 
1 ){ cubic yards of sand per acre. Had all of the sowing on mineral soil 
in Minnesota in 1943 been sanded some 500 cubic yards of sand would 
have been required. 

The Guayule Emergency Rubber Project used a sand cover in their 
nurseries and developed a spreading device on their seed drills. Sand 
can be spread economically but the amount required and the necessity 
of keeping it dry enough to flow evenly would probably preclude its use 
on a large field scale. 
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The weak germination and early growth habits of kok-saghyz 
require conditions favoring easy emergence and rapid development. 
Important in this respect is freedom from soil and seed borne organisms 
which cause damping-off under certain conditions. For the first two 
or three weeks after germination kok-saghyz is very susceptible to 
damping-off organisms. Damping-off nearly eliminated some 1943 
stands on peat at Aitkin. 

Sowings were made in the late fall of 1943 on mineral and peat soil 
in Minnesota and on mineral soils in Montana for comparison with 
spring sowings. Spring sowing in Minnesota was done on April 13 
and 28, 1944, on the mineral soil, and May 23 on the peat soil. Emer- 
gence from fall-sown seed was noted on April 19 for the peat soil and 
on April 22 for the mineral soil. The spring sowings showed emergence 
in 12 days. A cold wave with the temperature dropping to 22° F. 
occurred in Minnesota on May 6, 7, and 8 with disastrous results on 
fall-sown and April 13 spring-sown stands. At that time there were 
no seedlings above ground from the April 28 sowing, and the final 
stand was excellent. On May 31 the fall-sown stand was from 
0 to 7 plants per linear foot. The stands of the April 13 sowing 
ranged from 6 to 11 plants while those of the April 28 sowing, which 
was not injured by the freeze, ranged from 20 to 46 plants. 

The thin stand in the fall-sown field can be attributed in part to the 
fact that this field was blown free of snow during the winter and early 
spring. The fine dust mulch was also blown away, together with some 
of the seed. Under these conditions no particular advantage was 
gained by sowing in the fall or in the early spring. Later spring sowing 
on peat was delayed until May 23 and emergence noted four days 
after seeding was equally rapid for dry seed and for "vernalized" seed. 

Coster (5$) made fall sowings on October 19, October 23, and 
November 1, 1943. The first emergence was noted on April 1, 1944, 
and a stand of 38, 40, and 46 plants per linear foot was secured for 
the three sowings, respectively. Coster {6jp) also made sowings in the 
spring on April 15 and May 13, 1944. Irrigation water was not avail- 
able for the April 15 sowing. There was no emergence for 28 days 
and the final stand was only 8 plants per linear foot. Of the May 13 
sowing only a part was irrigated. As might be expected, germination 
on the unirrigated stand was delayed and the number of plants aver- 
aged 12.8 per foot while on the irrigated portion the plants emerged 
rapidly with a resulting stand of 29.6 per foot. Coster concludes that 
in Montana fall seeding is best and cheaper since it requires no 
irrigation to secure early germination. 

More study of germination of kok-saghyz seed under field conditions 
and of the germinative losses on both fall and spring sowings is 
essential. 
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It is known that during the first weeks after sowing losses occurred 
among the weak seedlings as a result of poor germination, abnormal 
growth, damping-off, freezing, crusting, and other factors as well 
as disturbance  by cultivation and  other  cultural  operations after 
emergence. 

Cultivation 

That Russian kok-saghyz growers had difficulty with weed control, 
is evidenced by recommendations that a minimum of three to six hand 
weedings be made during the first year (5, 86). 

Although it was known that kok-saghyz has a weak seedling growth 
and develops slowly for the first month or so while weeds grow rapidly, 
creating a real problem of weed control, the extent of weed seed con- 
tamination in most soils in this country was not appreciated. Altukhov 
(2) and other Russian writers advise that if weedy soils must be 
utilized they should be summer-fallowed the year previous to kok- 
saghyz sowing to secure germination and permit destruction of weeds. 
The emergency program of experimental production was approved 
in late winter of 1942-43 and there was little opportunity to select 
fields on the basis of all the factors now known to be important. 

Choice of land in 1943 was primarily on the basis of assumed suit- 
ability of soils. Effort was made to select tracts that had been in 
clean-tilled crops the previous year. As it turned out, the advantage 
gained by the selection of land which had previously been clean- 
cropped was largely offset by deep plowing, which turned up many 
weed seeds, and the nature of the kok-saghyz plant, which made the 
use of most ordinary methods of weed control difficult and inordi- 
nately expensive. All fields were extremely weedy but those which 
had been clean-tilled for two or more years previous were somewhat 
less weedy than those which had been clean tilled only the previous 
year. One year of "black" summer fallow reduced the weeds to some 
extent. 

Weed seeds may lie dormant in the soil for one or more years but, 
when brought close to the surface by tillage, germinate readily. At 
Missoula, Mont., most of the area used in 1943 had been sown to 
kok-saghyz in 1942. Kok-saghyz was a failure on a considerable 
part of this area in 1942 and the fields had been kept fallow for reseed- 
ing in 1943. Even so, the weed problem was serious. Coster (6p) 
suggested that irrigation water carried many weed seed which were 
deposited on the fields. 

It is clearly evident from the 1943 experience that one of the best 
ways to reduce the weed population is to delay seeding so that the 
main crop of weeds may germinate and be eliminated with mechanized 
equipment.    Knutson (ß4p) and Stephenson (S9p) comment on the 



66 MISC.   PUBLICATION   618,   IT.  S.   DEPT.   OF   AGRICULTURE 

fact that in Minnesota the weeding problem was less on the reseeded 
areas because of the destruction of weeds in repreparing the ground. 
Moore (30p) determined that the lowest cost of weeding was on late 
planted fields where ground preparation before sowing had eliminated 
most of the weeds. 

About the same favorable weather conditions are necessary for 
germination and growth of weed seed as for kok-saghyz. During 
continued cold wet weather most weed seed will lie dormant but will 
germinate and grow rapidly when there is a combination of warm 
weather and moist soil. A delay of seeding for a week to 10 days 
during favorable growing weather, followed by shallow cultivation to 
destroy weeds, will reduce the weeding problem. 

Deep cultivation to destroy weeds before sowing is objectionable 
since it tends to dry the soil, thus making a poor seedbed. Too much 
delay in sowing, to kill weeds, is undesirable since the length of the 
growing season will be materially shortened and, consequently, the 
yield of kok-saghyz will be reduced. 

Mechanical cultivation is done between the rows to eliminate plant 
competition, aerate the soil, and provide a dust mulch to retain mois- 
ture. Altukhov {2) and Lysenko {28) suggest that the first cultiva- 
tion be very shallow but that subsequent cultivations should be pro- 
gressively deeper. Experience indicates that the first cultivation for 
weed control must be done soon after seeding. In some cases this 
so called í 'blind " cultivation was done by following the row marks 
left by the seed drills. It was necessary to set the cultivating attach- 
ments (knives, duck-feet, deer-tongues, etc.) so as to leave relatively 
wide spaces on either side of the row. This obviously reduced the 
weed-killing efficiency of the operation. Cultivation at a distance 
from the row was also necessary after kok-saghyz had emerged, be- 
cause of the delicate nature of the seedlings. 

To obtain a quick marking of the rows Oliver {Sljp) mixed turnip 
seed with kok-saghyz seed. However, this seed was heavier than 
kok-saghyz and tended to settle to the bottom of the seed hopper and 
to be sown first rather than as a mixture. 

Milnes (28j)) had much better success mixing lettuce seed with 
kok-saghyz. The rapidly growing lettuce was quite evenly spaced 
from 2 to 4 feet apart in the rows and was of considerable assistance 
in early cultivation. 

The small size of the young plants and their recumbent habit make 
it difficult to cultivate close to them. The young plants make very 
little growth for 2 or 3 weeks or more after emergence and are difficult 
to see in the row, especially where weeds are numerous (fig. 9). Soil 
cannot be thrown toward the plants in the row to cover and smother 
weeds. 
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FIGURE 9.—Kok-saghyz plants photographed at various ages. Note the slow 
growth during the first few weeks. (Courtesy L. H. Smith, Vermont Agricul- 
tural Experiment Station.) 
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In Minnesota sowing was done in beds of four rows each but with 
one-half a bed on either side of the 20-inch space allowed for each 
tractor tread. In other words, eight rows were sown at one time and 
this required cultivating equipment be-assembled to operate on the same 
pattern (fig. 10). Damage is done by the cultivator tools clogging, 
weeds dragging, or soil being thrown onto the weak plants as well a^s 
by swinging oñ the row. Knutson (24p) Moore (SOp) Stephensoii 
(39p) and Anderson (Ip) comment on the desirability of four-row 
cultivators inasmuch as four rows can be watched more closely than 
eight. Use of such equipment would require seeding on the basis of 
four rows as done at Plainfield, Wis. 

It was found that disk cultivator attachments could work not only 
closer to the rows than other tools but would also cut through trash on 
the surface or in the soil without greatly disturbing the plants. They 
were thus able to cover a larger percentage of the area by machinery, 
leaving a smaller strip to be hand weeded. Ramp (82p} calls atten- 
tion to the fact that disks throw the soil away from the plants and it 
is desirable to push this soil back so as to avoid excessive drying out. 
This operation is done by mounting a "duck-foot" cultivator attach- 
ment in the middle of the row space behind the disks.    . 

Ramp points out the need for staggering weeding knives and other 
attachments to avoid disturbance of soil and plants in the row. With 
careful driving of the tractor staggered knives can operate within 1 
inch or so from the row, thus greatly reducing the space to be hand 
weeded. Weeding knives should be set at not more than K inch below 
the soil surface for the first cultivation and they should be kept sharp 
to cut, rather than tear, the soil and weeds. In later cultivation, 
weeding knives or other tools may be set deeper. 

After the plants have developed a spreading rosette of leaves the 
weeding knives should be reversed so as to cut under the rosette with- 
out injury to either the leaves or the roots, or special attachments 
with shields should be used for raising and protecting the leaves if the 
weeding knives are employed in the usual manner. Ramp ako says 
that sowing and cultivating operations must be fully integrated and 
that careful sowing in straight rows is essential to good cultivation. 
It is probable that a considerable part of the cultivating difficulties 
experienced in 1943 might have been obviated by closer control of the 
sowing operation and by proper adjustment of the cultivating attach- 
ments. 

Zehngraff (45p) comments- that most of the attachments used for 
cultivating were originally designed for larger and more vigorous farm 
crops than kok-saghyz and that they are somewhat too heavy for kok- 
saghyz. Counts made by Zehngraff indicated as high as 10 percent 
loss from poor cultivation in the average field. 
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Oliver (31p) reports difficulty in cultivating even four rows at a 
time with the Farmall "H" tractor and the attached cultivating 
equipment because of rolling and unevenness of the fields. In the 
heavier soil of the Rogers tract clods fell on the plants even where a 
3K-inch space on either side of the row was left uncultivated. 

At Plainfield, Wis.7 the contractor's cultivating equipment was set 
up to cultivate rows spaced at 14 inches and, since it was in almost 
constant use on the contractor's large acreage of carrots and onions, 
there was little opportunity to secure a tractor-cultivator and take the 
time to adjust the spacing of tools to the 16-inch kok-saghyz spacing. 
Seeding had been done on a 4-row basis. Only one cultivation using 
a Ford-Ferguson tractor and 4-row cultivator was completed. Etand 
cultivators of the rotary-wheel type were relied on for the balance of 
the cultivating. However, these cultivators were only 9% inches wide 
and left a rather wide space to be hand weeded. Green (15p) felt that 
a ''straddle row" cultivator would have been more satisfactory since, 
with a careful operator, the cultivating teeth or weeding knives could 
have been spaced closer to the row and thus have eliminated one-half 
to two-thirds of the hand weeding. 

Hand cultivators were used occasionally in Minnesota when it was 
not possible, because of wet soil conditions, to get on the land with a 
tractor. Milnes (28p), Oliver, and Joslyn (Sip) and others, likewise 
made some use of hand cultivators. Hand cultivators, properly 
constructed and adjustable, and carefully used, may have a place in 
kok-saghyz culture, especially for initial work when the plants are 
small. 

In Vermont a small self-propelled 2-row garden tractor with culti- 
vator attachments was used. The wheel-spacing was somewhat 
narrow for the 16-inch row spacing adopted but otherwise Joslyn 
{Sip) reports satisfactory results with this equipment. 

Anderson {lp) rented a garden cultivator for the Aitkin, Minn., 
peat area. The motor did not have sufficient power for deep cultiva- 
tion on the raw peat but it did a good job of weed removal and could 
be operated close to the rows. The Farmall "H" tractor which was 
equipped with cultivator bars and attachments and with steel rims 
and lugs was somewhat heavy for good work on moist peat soils. At 
times the soil was so wet that the tractor wheels pushed large seg- 
ments of the row out of alignment. Anderson recommends a four-row 
rather than an eight-row set-up on peat soils and a lighter tractor with 
rubber tires would undoubtedly have been better. 

Coster {6p) reports no difficulty in operating the tractor-cultivators 
in the irrigated section of Montana, particularly after the tractors 
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were equipped with rubber tires. The single-row spacing was 20 
inches, and double and triple rows with 24-inch free space between 
beds were also tried out. Coster found it possible to use a single 
diamond point for cultivating and weeding between the double 
rows 9 inches apart, thus greatly reducing the weeding cost of the 
double-row beds as compared with the three-row set-up in which it 
was not possible to use the cultivator teeth. Coster not only accom- 
plished efficient cultivation with the tractor-cultivator but also 
completed the ground preparation for furrow irrigation at the same 
time with irrigating shovels attached to the rear bar. Row cultiva- 
tion destroys the irrigating furrows and they must be reconstructed 
after each cultivation. 

Dent {Op) at Klamath Falls, Oreg., found it difficult to operate 
the tractor-cultivator on rather loose mineral soils and peat until 
after the implement had been equipped with rubber tires. Except 
with careful operation there was a tendency to uproot and destroy 
parts of the rows, or to cover them with soil. Metal shields were 
attached so as to overcome most of the latter difficulty. Both Coster 
and Dent used hand cultivators to advantage. 

As indicated in Russian publications on kok-saghyz the number of 
cultivations required varied from three to eight depending on type of 
soil, number of weeds, distribution of moisture, timing and effective- 
ness of cultivation, and the compaction of the soil by seed picking 
and other operations. 

In August 1943 whole fields of plants in the Red River Valley of 
Minnesota developed a sickly, chlorotic appearance. It was suggested 
that this condition might be due to an iron deficiency in the soil and 
tests were arranged to determine the cause. Local farmers claimed it 
was an unusual condition and some supposed that it resulted from a 
lack of aeration in the soil, aggravated by excessive spring moisture 
and by soil compaction. Recognizing that oxygen is necessary for 
good growth, it was decided to aerate the soil to see if the plants would 
recover. Deep cultivation, to a depth of 5 to 6 inches was resorted 
to in some of these fields where the soil, because of frequent and heavy 
rains, had become puddled. The diamond-point attachment was 
used for this purpose and was well suited for the job. It is unfor- 
tunate that no experiments were laid out or that no areas were left 
for comparison. The response appeared to be immediate and the 
plants regained their dark-green color in a few days. Deep cultiva- 
tion was then used on all fields. 

One particular area, the east half of the Art Skolness field at 
Moorhead, was wetter than the rest of the fields, and deep cultivation 
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could not be done until much later.    A comparison of the root yield 
in this half of the field with that in the west half follows: 

Number plants Average root   Yield per acre 
per foot      weight (grams)     (pounds) 

West half—early deep cultivation  8. 1 5. 1 2, 798 
East half—late deep cultivation  8. 3 2. 8 1, 579 

That the root yield was only a little better than 50 percent in the 
east half was not altogether due to the lack of deep cultivation when 
needed. This half was a good deal wetter than the other half during 
the summer.    Other cultivations as well as weedings were delayed. 

In addition to need for aeration cracking and crusting of the surface 
soils of many areas often necessitated cultivation even when the weed 
growth was not heavy. 

It is essential that sufficient equipment with adequate attachments 
be available to insure cultivation at the proper time. In 1943 some 
cultivating was done when, from the standpoint of the cultivating 
job, its effect on the soil, and the relative inefficiency of the weeding 
operation, the machinery might better have been standing idle. 
There was not enough equipment to do the full job between rains when 
the soil was in the proper condition. Cultivation is a comparatively 
simple, inexpensive operation and will save many times its cost by 
reducing hand weeding if it is accomplished at the proper time. 

Weeding 

Removal of weeds is necessary to reduce competition for plant food, 
moisture, and sunlight. Kok-saghyz cannot stand competition and is 
readily suppressed even when well established. 

The intolerance of kok-saghyz to shade and competition with other 
species was demonstrated on a field near the Cass Lake, Minn., 
nursery in 1943. About 1 acre was sown to kok-saghyz in the spring 
of 1942 and produced an excellent stand. The winter losses during 
the first year were insignificant, not over 1 percent, and the condition 
of the stand during the second spring and early summer was good. 
Because of the labor shortage, no weeding was done the second summer 
and the area became overgrown with rank weeds. When the plot was 
examined in October 1943, not more than 1 percent of the kok-saghyz 
plants had survived the competition (45p). 

At the Cass Lake and Lydick nurseries, on the other hand, kok- 
saghyz stands of the same age were kept clean of weeds and no losses 
took place during the second summer. 

McQueen (27p) shows that a well-stocked stand of 1-year-old plants 
in the Minnesota nurseries was greatly reduced simply by being left 
unweeded for the season. 
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In several fields sown in 1943, poor growth and low yields resulted 
from late weedings and the consequent severe competition in the early 
growth stages of the planting. The most striking examples are the A. 
Thureen field at Crookston and the Art Skolness field at Moorhead 
(4S:p), figures for which are given in the following tabulation. Stand 
counts were made in October. 

Seedlings per Average weight Yield per 
linear foot      of fresh roots acre 

A.   Thureen field: (number) (grams) (pounds) 
Early weeding  6.8 8.7 4,006 
Late weeding  4.3 8.8 2,597 

Art Skolness field: 
Early weeding  8.1 5.1 2,298 
Late weeding  8.3 2.8 1,579 

Stands from which seed is to be collected must be kept free of weeds 
to avoid the collection of weed seed with kok-saghyz seed. In 1943, 
large-seeded or rank growing weeds clogged and otherwise damaged the 
seed collecting equipment. In Wisconsin Green (15p) reported 
difficulty in keeping the seed collector in operation because the suction 
picked up from between the rows dry weeds that clogged the air-intake 
screen.    It later became necessary to rake the dry weeds off the field. 

Where seed is not to be collected it may not be necessary to keep the 
fields entirely clean of weeds, except that in the rubber extraction 
process weed roots mixed with the kok-saghyz roots cannot be easily 
separated as they float with the rubber and thus contaminate the final 
product. 

As the fields must be kept free of weeds from sowing until harvesting, 
weeding becomes a more or less continuous field operation. Weeding 
proved to be the most costly operation in the 1943 growing of kok- 
saghyz. Even with particular care used in the selection of fields to 
avoid weedy areas, careful land preparation, summer fallowing, and 
delayed sowing, it probably will always be a costly operation. Kok- 
saghyz makes little above-ground growth for the first 30 or 40 days 
after emergence and is a weak seedling during the period when most 
native weeds flourish. 

The first machine cultivations for weed control leave a strip 2 or 
3 inches wide on either side of the row as the small size and nature of 
the young kok-saghyz plants makes it impossible to run tractor-drawn 
cultivating equipment any closer. A 4- to 6-inch weeding strip is thus 
left on each row. In other words on 16-inch row spacing, it is necessary 
to hand weed, repeatedly, at least 25 percent of the total cultivated 
acreage. 

Weeds should be pulled out by the roots or cut off well below the 
surface of the ground or they will reestablish themselves. Some form 
of hand-weeding tool facilitates and speeds up the work, especially 
where the soil is compact. 
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Bothersome weed species differ with localities but the most difficult 
ones to control are the grasses and the deep-rooted types. Grass 
roots must be completely removed at the time of land preparation. If 
this is not done, subsequent weedings only remove the new growth 
and keep the plant in check. After kok-saghyz has been sown, at- 
tempts to remove grasses or large-rooted weed species result in ser- 
iously disturbing or destroying the stands. 

In 1943 the number of hand weedings varied from three, for late- 
sown fields, to a maximum of eight. Four complete weedings were 
necessary for most fields. 

Inability to get on the wet fields to cultivate at the proper time and 
delays in completing the weeding job greatly increased the weed prob- 
lems. In some cases whole fields had to be disked out and resown 
because of excessive weed growth. It was found necessary to employ 
one or two persons per acre as weeders during the peak of the weed 
growing season. 

The manpower required for weeding in 1943 (fig. 11) was so great 
that the supply of labor available to the program was scarcely able to 
meet the demand. Reports vary as to the amount of weeding needed 
in connection with second-year stands. Coster {ßp) says that in 1944 
weeds averaged 55 per square foot on the fall-sown field, and only 27 

FIGURE  11.—First   hand   weeding   in    Minnesota   kok-saghyz   field.     (Forest 
Service—F-426646.) 
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per square foot on the spring planting. These figures compare with 
an average of 102 weeds per square foot on the same area in 1943. 

Knutson (45v) an(i Coster (6jp) agree that cultivation the first year 
(1943) did not bring great numbers of weed seed to the surface but 
where the soil was plowed or deeply stirred another heavy crop of weed 
seeds was germinated. Milnes (28%)) reports the weed growth at 
Saginaw, Mich., on peat was practically as vigorous the second season 
as in 1943. 

At Plainfield, Wis., in the spring of the second season, it was neces- 
sary to use rotary hand hoes between the rows four times before the 
plants closed the space between rows. At Miles City, Mont., the 
number of weeds in the second-year stands was reported to be about 
the same as in the first-year stands. 

In the second-year stands where machine cultivation was done, only 
one operation was necessary up to June 30, 1944. The cost of cul- 
tivating was much lower on these fields as the rows could be followed 
readily and the spread of the rosettes shaded out many newly ger- 
minating weeds. 

Some effort was made to control weeds by the use of chemicals, but 
without success. Kok-saghyz belongs to a group of plants toward 
the elimination of which the development of chemical weed killers 
has been directed. 

In coniferous-tree nurseries dilute sulfuric acid treatment of seed- 
beds, used to control damping-off, also tends to reduce the number of 
weeds. An unsuccessful attempt was made to control weeds by using 
this chemical on a small area of kok-saghyz and along ditches near 
the Saginaw plantings. The kok-saghyz succumbed before the weeds 
(28p). 

An experiment in weed killing with Sinox Spray was made at Kla- 
math Falls, Oreg., in 1943. It was found that kok-saghyz was very 
susceptible to this spray. Metal shields about 30 inches long were 
placed on the spraying device in such a way as to keep the spray from 
directly hitting the plants. Even with this precaution the fine vapor 
from the sprayer remained in the air until the machine had moved 
forward, after which it settled on the kok-saghyz, killing the plants. 

It is possible that a flame-thrower or torch might be used to kill 
weeds if the kok-saghyz plants could be protected with a shield, but 
this operation was not tried out. Such a shield must necessarily pro- 
tect any weeds within at least an inch of the row and some hand weed- 
ing would still be necessary. 

Coster (6p) used Atlacide successfully for killing weeds along irri- 
gation ditches at Missoula, Mont. There is some possibility that 
excessive use of this chemical along ditches might result in a contami- 

726607—47 6 
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nated irrigation water supply although no detrimental effects were 
noted with the relatively small amounts used in 1942 and 1943. 

Coster also used this chemical to kill persistent perennial weeds 
in one of the Missoula kok-saghyz fields in the summer of 1942 as part 
of the summer-fallow weed-control operation. The treated area 
was still toxic to kok-saghyz, as well as to weeds, in the spring of 1943 
and kok-saghyz sown on the treated area in 1943 was a complete 
failure. 

More attention to land selection, land preparation, time of sowing, 
and other cultural operations will undoubtedly result in a reduction 
of the seriousness of the weed problem with kok-saghyz. More atten- 
tion to the development of mechanical and chemical weeding methods 
should further reduce the excessive cost of the operation. However, 
it is doubted that the weeding operation can be brought within reason- 
able bounds unless the kok-saghyz plant itself can be improved in 
such a way as to make it more vigorous and competitive, particularly 
during the first few weeks of its growth. 

Roguing 

By late August and early September 1942 it became apparent that 
there were several types of dandelions in the plantings which had been 
made earlier that year in Forest Service nurseries. Some of these 
plants were larger, stronger, and grew more rapidly than others. 
They flowered more profusely and produced more seed (40p). 

It was known from a few references in Russian papers that Russian 
plantings were often contaminated with dandelions other than the 
true kok-saghyz and that such forms were usually more vigorous, 
larger, and more profusely flowering. On the basis of these references, 
it was assumed that these larger dandelions were low in rubber con- 
tent, and an attempt was made to remove all such plants. 

At about this time translations of other Russian reports were 
received which indicated that the seed of kok-saghyz collected in the 
"thickets" of wild plants, and from which parent-source the supply 
of seed shipped to this country had been produced, was badly con- 
taminated with low rubber-yielding types. This contamination may 
have been due to the actual collection of seed of other species as well 
as to the fact that kok-saghyz crosses readily with other dandelions. 

Koroleva (19) outlines a study conducted by herself, Lipschitz, 
and Shishkin in native stands and plantings. Nine non-rubber- 
bearing dandelion types were found and their distinguishing character- 
istics are given in detail. 

Presence of these low rubber forms means not only reduced rubber 
yields from the harvested roots, but, in plantings from which seed is 
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harvested, an additional contamination of the seed supply, due to 
their generally greater vigor and seed producing capacity. The only 
solution is a rigorous roguing-out of such forms. 

In plantings to be used for rubber production only, the presence 
of some low rubber types will not materially alter the rubber yield and 
roguing may be done less carefully, or perhaps omitted entirely. 
In plantings for seed production, it is imperative that the undesirable 
types be removed completely. 

Russian publications stress roguing not because of the growing 
space occupied by the rogues or their comparative aggressiveness, 
but principally because their prolific seed production quickly lowers 
the purity of the kok-saghyz seed supply. 

That Russian papers recommended removal of rogues whenever 
and wherever they occur in kok-saghyz fields can readily be under- 
stood when one considers that a seed supply collected during the 
summer of 1942 from an unrogued kok-saghyz planting at Cass Lake, 
Minn., containing but 1 percent rogues, showed about 80 percent 
rogues when sown in the fields in 1943 (^p). Prompt germination 
and vigorous growth of the particular rows sown with this seed at 
once aroused suspicion that there was a high percent of rogues present 
in the seed supply. On the small section of one field sown with this 
seed the slow growing kok-saghyz were suppressed by the vigorous 
growth of the rogues. The following figures give the results from 
sowing this 1942 Cass Lake seed collected from an unrogued stand: 

Rogues in Rogues in 
untreated seed soaked seed 

(percent) (percent) 
Ross field, Crookston  70.4 67.3 
A. Skolness field, Moorhead  88. 4 82. 4 
Gleason field, Aitkin  63. 6      

Three distinct types of rogues referred to as types 1, 2, and 3 were 
recognized in the fields early in the summer of 1943. 

Rogue type 1 is a Russian species resembling Taraxacum officinale 
Weber, the common introduced dandelion of the United States 
(fig. 12). Four or possibly five variations of this type were present. 
It is a prolific seed bearer, flowers earlier than any other species, and 
during the first year produces flowers and seed until killed by hard 
frosts. The seed is grayish brown. Soon after emergence the leaves 
assume an upright position in which they remain during the greatest 
part of the first year, whereas kok-saghyz generally forms a prostrate 
rosette. Leaves are thin and less turgid than the thicker, fleshier, 
and more leathery leaves of kok-saghyz. The upper surface of the 
leaves is dull and dark green, whereas kok-saghyz leaves are more 
glossy and lighter bluish green.   The margins of the broad paddlelike 
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FíGüEE  12.—Left, a noii-rubber-bearing (rogue) dandelion; right, a typical kok- 
saghyz plant.     (Zehngraff, Forest Service.) 

leaves of the young plants arc irregularly, shallowly, but sharply, 
dentate. The margins of the various forms of kok-saghyz leaves are 
lobed. 

Rogue type 2 is a Russian species resembling T. erythrospermum 
Andrz. At least three variations of this type were found in 1942 
Minnesota plantings. It flowers comparatively late, beginning in 
August. During its first year it is not as prolific a seed bearer as type 
1. It reaches its maximum seed production late in September and 
early in October. The reddish seed is easily distinguished from that 
of kok-saghyz. The leaves of this type lie flat on the ground but do 
not form as distinct a rosette as do those of kok-saghyz. Leaf tex- 
ture is similar to that of type 1. The main vein of the lower part of 
the leaves is usually reddish where that of kok-saghyz is generally 
greenish yellow. The upper surface is dull and occasionally attains 
a reddish color. The leaf margin, even in young plants, is deeply and 
sharply indented. 

Rogue type 3 is a Russian species not similar to any American 
dandelions. No variations were found. It is a rather prolific seed 
bearer, though not as prolific as type 1. It starts to flower at about 
the same time as kok-saghyz. The light gray seed has heavy barbs. 
The leaves lie flat on the ground and form a rosette as do those of 
kok-saghyz. This type is rather difficult to distinguish from kok- 
saghyz during the first 2 months because the leaf texture is quite 



RUSSIAN  DANDELION 79 

similar to that of kok-saghyz. The upper surface of the leaves is less 
glossy than that of kok-saghyz; the lower surface is distinctly gray 
and more leathery. The leaf margins are quite similar during the first 
2 months to those of the lobed forms of kok-saghyz. The leaves are 
always longer than those of kok-saghyz. After about 2 months this 
rogue rapidly outgrows kok-saghyz and from then on it is easy to 
distinguish. 

Kubber analyses of two separate sets of samples of the three rogue 
types compared with random samples of kok-saghyz gave the follow- 
ing results: 

Rubber content of sample Rubber content of sample 
-P, taken July 24, 1948 taken Aug. 27, 1943 
KOgues: (percent) (percent) 

Type 1  0. 20 0. 69 
Type 2  .20 .34 
Type 3  .15 .81 

Kok-saghyz  2. 70 3. 90 

Inasmuch as the development of a seed supply in anticipation of a 
future enlarged program was one of the objectives of the 1943 produc- 
tion tests roguing before any seed was collected was essential. 
Samples of the plants thought to be rogues and those plants supposed 
to be true kok-saghyz were tested for rubber content. The analyses 
proved the practicality of distinguishing the lowest rubber-bearing 
types on the basis of leaf characteristics, even in young plants. Ac- 
cordingly, a set of simple instructions for roguing was prepared and 
distributed to all field personnel (4®p)- 

Examination of seed produced in this country in 1942 (34p) dis- 
closed two types of seed which appeared to differ from the seed of 
true kok-saghyz. One was a red seed, the other a much barbed type. 
Subsequent planting tests revealed these seeds to be of species recog- 
nized by the Russians as undesirable, low-yielding rogues. Other 
rogues do not have obvious seed characteristics which distinguish 
them from kok-saghyz. 

The 1943 American seed examined showed a range of from 0.0 to 
1.8 percent contamination with the identified rogue seed, the average 
being about 0.5 percent. Even if the undistinguishable rogue forms 
were present in a higher proportion it is doubted that total rogue 
content of the seed lot averaged much over 1 percent. 

Faster germination, earlier emergence, and more vigorous growth 
of the rogues result in a much higher proportion of rogues among the 
growing plants than in the seed. 

Unless rogues are eliminated, the proportion of them increases with 
each seed collection (fig. 13). Zehngraff (45p) conducted a series of 
studies which demonstrated that a 1 percent contamination of rogues 
in the seed grown without  roguing resulted in a 38 percent rogue 
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FIGTTKE 13.—A section of a field showing four rows of kok-saghyz paralleled on 
each side by four rows of rogues.    (Forest Service—F-426673.) 

contamination in the seed harvested from these plantings. Use of 
such highly contaminated seed would result in practically complete 
elimination of kok-saghyz within a very few generations. 

An experiment was conducted by Milnes {28$) at Saginaw, Mich, 
in cooperation with the A. T. Ferrell Company, makers of seed clean- 
ing machinery, to determine whether rogue seed could be separated 
from kok-saghyz seed by screening or blowing. There was some indi- 
cation that rogue seed is larger and heavier than.that of kok-saghyz. 
A small amount of known rogue seed was dyed and thoroughly mixed 
with kok-saghyz seed. Several types of screens and velocities of air 
current were tried without success. Because of the similarity in size 
and general appearance of kok-saghyz seed to that of low-rubber 
dandelions there seems to be no way of mechanically eliminating the 
undesirable seed. 

Obviously, the best way of insuring a rogue-free seed supply is to 
collect seed only from known rogue-free stands. It is not only essen- 
tial that stands be thoroughly rogued before any seed is collected but, 
if stands are to be held over for a second year of seed collection, 
roguing should be continued.    Coster {7p) found a number of rogue 
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seedlings the second season in plantings which had been thoroughly 
rogued the previous year. 

Late-appearing rogues may result from secondary seed introduction 
from nearby native dandelions, from delayed germination in the 
original sowing, from self-seeding by rogues before elimination, from 
regeneration of rogue roots which were cut off too close to the surface, 
or possibly from the "throwing" by kok-saghyz of an occasional rogue 
type. 

Roguing in actively growing stands is a simple process when the 
distinguishing characteristics of the rogues are known. A hand tool 
similar to the ordinary dandelion spud, which proved somewhat light 
for heavy soils, was made by flattening one end of a steel rod (fig. 14). 
A V-shaped notch was cut into the flat end and the tool sharpened. 
The leaves öf the rogue are lifted to expose the crown and root, and 
the sharpened end of the tool pushed into the ground at an angle so 
as to cut the root 2 to 4 inches below the surface. 

Apparently a satisfactory roguing job was done in most instances, 
but it developed that many of the rogues had been cut off too close 

FIOURE 14.—Girl holding a rogue-type dandelion and a  roguing tool  used in 
Minnesota.    (Forest Service—F-426679.) 
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to the surface. The portion of the root in the ground healed over and 
produced as many as 12 new tops. 

At Burlington, Vt., the great numbers of rogues in the field grew so 
rapidly that they took over the stands from the beginning. The 
uniformity of growth was so great that the field gave the appearance of 
being either all kok-saghyz or all rogues. The seed sown at Burlington 
was all from one sack, none of which had been sown elsewhere. 
Apparently this sack contained a much higher proportion of rogue seed 
than other lots. It was assumed that the stand was all kok-saghyz 
so no roguing was done on this field. Inspection on October 1 
showed that the entire field, except for 0.4 of an acre which had been 
seeded late, was practically 100 percent rogues. However, on digging 
samples it was found that from 10 to 15 kok-saghyz roots were actually 
present per linear foot of row. The vigorous growth of the rogues 
had suppressed the kok-saghyz and the tops were dead but the roots 
were still alive. While the rogue roots were % inch or more in diam- 
eter, the suppressed kok-saghyz roots were % inch or less and only 
from 3 to 5 inches in length. Analysis of a sample harvest indicated 
that all the larger plants were rogues. 

While emphasis has been placed on roguing to insure a seed supply 
free from seed of undesirable inferior types, roguing may also be 
necessary to secure the most satisfactory rubber extraction. A 
large proportion of one shipment of spring harvested roots from 
Saginaw, Mich., to the pilot plant was apparently made up of rogues. 
These roots were woody, did not "cook" or break down well in the 
ball-milling operation, and were otherwise difficult to handle. 

In any future kok-saghyz experimental work it should be recog- 
nized that roguing is essential for both seed and rubber production 
unless it is found that the extraction process can be modified in some 
way so that the inclusion of the woody rogue roots will not interfere 
with extraction of rubber. 

In actual practice, roguing needs to include more than the removal 
of the rank-growing, low-yielding types. To insure uniformity, and 
thus ease and economy of seed collection and other cultural opera- 
tions, it would be desirable also to remove small, weak, and otherwise 
undesirable plants. Such intensive roguing would probably not be 
justifiable in plantings for rubber production only. 

The evidence at hand indicates clearly that either there is a great 
range in rubber content within the true type of T. kok-saghyz¡or that 
there are other low-rubber-bearing forms not easily distinguishable 
from kok-saghyz on the basis of the leaf and other characteristics 
used to classify the so-called rogues. As a result, roguing may be 
expected to produce only limited improvement in rubber yields unless 
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some method is found to fix the desirable characteristics and eliminate 
the undesirable ones. 

Density, Spacing, and Thinning 

One group of Kussian kok-saghyz growers believes that the way to 
obtain satisfactory yields of kok-saghyz is to maintain dense stands 
of plants with rows spaced 16 to 18 inches apart. The other group 
believes that closer spacing of rows but thinning of the plants to about 
4 inches within the rows gives equally good total yields, with better 
individual roots. The extra labor costs entailed in thinning are 
believed, by this group, to be compensated for by reduced labor 
requirements in harvesting the larger sized roots. 

In view of these conflicting opinions, no generally applicable 
recommendation as to thinning practices for use in the initial American 
kok-saghyz trials was possible. In 1942, American plantings were 
variously thinned using single-plant thinning or "blocking" methods, 
or were left unthinned. Most plantings were made with rows at 
least 15 inches apart, wide enough for available cultivating equipment. 

It was quite apparent that with some thinning of reasonably heavy 
stands there was an increase in average plant size but in most cases 
total yields were larger from well-stocked unthinned areas. Results 
of certain 1942 trials which illustrate influences of thinning on yields 
are given in table 7. Investigators almost invariably indicated 
excessive labor requirements in the thinning operations. 

TABLE 7.—Comparative results from thinned and unthinned kok-saghyz plantings 
at three locations 

Location and treatment Planting- 
date 

Harvesting 
date 

Calcu- 
lated 
yield 
fresh 

roots per 
acre 

Average 
weight 

per 
plant 

Calcu- 
lated 

rubber 
yield 

per acre 

Windsor, Conn.: 
Thinned to 3 inches                            June    1,1942 

...    .do  
Nov.   8,1942 
 do  

Pounds 
4,711 
4, 379 

5, 359 
8, 013 

i 3, 332 
i 4, 008 

Grams 
9.3 
2.3 

13.5 
7.6 

Pounds 
38.1 

Unthinned 23.8 

St. Paul, Minn.: 
Thinned to IJ-é to 2 inches May 16,1942 

 do  
Oct.   29,1942 
 do  

41.4 
60.9 

Fargo, N. Dak.: 
June    1,1942 
 do  

Oct.   20,1942 
 do  

17.9 
24.7 

i Root weights estimated at 44 percent of total plant weight; separate fresh root weights not recorded. 

Based on the 1942 experience, 16-inch row spacing was adopted as 
standard for 1943. Equipment to handle eight rows at this spacing 
could be assembled on the longest available tractor-tool bar. It was 
necessary to provide wider space between beds or sets of rows at the 
width of the tractor gage to accommodate the tractor wheels.    There- 
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fore, equipment on the tool bar was arranged in a center unit of four 
sets at 16-inch spacing flanked by outside units of two sets each at 
16-inch spacing, but separated by 20 inches from the center unit 
(fig. 10, p. 69.) 

A tractor-tool bar hitch was devised so that seed drills and culti- 
vating tools would be constantly 16 inches apart. Compression 
springs held the drills on the ground and a chain lift was provided by 
which the drills could be raised off the ground when turning at the end 
of the field. Later it was found that a spacing bar was necessary to 
keep the individual seed-drill units from swerving off a straight 
line (82p). 

In the West, under irrigation, row spacing had to be adjusted to 
permit furrow irrigation. In 1942, 16-inch spacing proved to be too 
narrow. Therefore, 20-inch spacing of rows was adopted in 1943 as 
standard at Missoula, Mont., and Klamath Falls, Oreg. 

After a large part of the sowing had been done at Missoula it was 
discovered that the wheel spacing of the seed collector was not adapted 
to the 20-inch spacing. Therefore the sowing-spacing pattern was 
redesigned to accommodate the seed collector. Double rows, 9 
inches apart, were sown by using seed drills side by side. A 24-inch 
space was left between the double rows. 

Coster also tried a triple row arrangement with a 24-inch free space 
between the beds of triple rows. Three rows were seeded at one time 
by using a third seed drill centered behind two drills, thus leaving 4K 
inches between rows. 

One acre of rows 16 inches apart gives approximately 32,700 linear 
feet of row per acre. Spacing of single rows 20 inches apart gives 
some 26,000 linear feet of row per acre, while double-row spacing gives 
approximately 31,600 linear feet of row per acre, almost the same as 
that secured with the 16-inch row spacing. Triple-row sowing in- 
creases the linear footage to approximately 47,500 per acre. 

Steinbauer (88p) reports results of a number of replicated rod-plot 
density-and-spacing studies made at various locations in 1943. While, 
for various reasons, the results of these studies in many cases did not 
yield data which could be applied without further investigation to 
field practice, they did reveal significant facts. 

In the row-width and plant-spacing studies where row widths were 
varied from 8 to 20 inches and spacings of plants within rows from 2 to 
6 inches, total root yields per acre were increased by greater plant 
densities whether these were occasioned by closer row spacings or by 
closer spacing of plants within rows. However, the increases in yields 
were not directly proportional to increased plant densities and reduced 
average-plant-sizes were shown with closer within-row spacings. 
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Row widths had less influence on average plant size than within-row 
spacings. No consistent influences of closeness of row or plant spac- 
ings on dry matter content or rubber content per plant were found. 

Seed-production responses to varied spacings had approximately the 
same relationships as plant and root sizes, that is, a reduced yield per 
plant, but generally a greater total seed yield per unit area from the 
closer spacings, particularly when the increased plant densities resulted 
from closer spacing of plants within the rows. 

In the comparisons of single-row culture with double- and triple-row 
types of arrangements (6 inches between rows in such double- or 
triple-row units, and 20 inches between outside rows of adjacent units) 
total yields of roots, rubber, and seed per unit area were increased as 
the number of rows per row-unit was increased or, in other words, as 
the total number of plants per unit area was increased. 

Here again the increased total yields were not directly proportional 
to the increased plant densities; some reductions in plant sizes with 
consequent reduction in average root sizes, and seed yields per plant 
were found. No significant differences were found in the rubber 
percentage of roots from the different types of row culture. 

In both of the spacing tests there was some evidence that plants 
which do not flower the first season are larger and have heavier roots 
than plants which flower the first season. 

Studies (38p) conducted on 500 short-row samples with plant 
densities ranging from 1 to 28 plants per foot of row taken from 4 
field-scale plantings of kok-saghyz on Bearden silt loam or silty clay 
loam soils in the Red River Valley of Minnesota demonstrated further 
that total yields of roots per acre are significantly increased with the 
increase in plant densities within rows up to the maximum used, and 
that these increases in total yields are accompanied by successive 
reductions in average root weight per plant with successively increased 
plant densities. 

No significant alteration in the rubber content of root samples as a 
result of varied plant densities were proved, although average rubber 
percent for different density classes suggested a slightly increased 
rubber content from the more dense stands. 

Trials with uniform row spacings but with plant densities within 
rows of 12 to 30 plants per foot of row on deep peat soil near Belle 
Glade, Fla., demonstrated that under winter growing conditions in 
the South the same general total yield, average plant size, and rubber 
content relationships are to be expected as when kok-saghyz is grown 
as a summer crop in the North. There was some evidence that seed 
production is slightly delayed with the denser plant stands but that 
the peak period of seed production is not changed by differences in 
plant densities. 
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On August 18, 1942, samplings were made at the Cass Lake Nursery 
to determine the effect of density of stand on size of roots {^Op). 
Samples were taken in 12 different places where the soil was judged 
to be of about equal fertility and the only apparent variable in root 
yield was due to density of stands. The average weights by density 
classes are given in table 8. 

Later information indicated a doubling of root weight from August 
20 to October 5 and it is assumed that if taken at the end of the grow- 
ing season, the August weights of the samples would have beer at 
least doubled. 

TABLE 8.—Average weight per root by density of stand at Cass Lake, Minn.1 

Average number of plants 
per foot of row 

Average weight 
per root Average number of plants 

per foot of row 

Average weight 
per root 

Fresh Oven-dry Fresh Oven-dry 

3... 
Grams 

2.10 
1.65 
1.05 
.85 
.70 
.65 
.60 

Grams 
0.50 

.40 

.25 

.20 

.15 

.13 

.12 

40 
Grams 

0.50 
.40 
.35 
.30 
.25 
.20 
.15 

Grams 
0 10 

5  50  
60  

.08 
10  .08 
15  70  .07 
20... 80 06 
25  90 06 
30  100.. .05 

1 Seed sown May 28; sampled on Aug. 18, 1942. 

It appears from present limited knowledge that a density of 8 to 15 
plants per foot from the initial sowing would produce high yields of 
seed and total root weight per acre with fairly large individual roots 
without thinning. Where the emphasis is on root production alone 
a density of 4 to 8 plants per foot is estimated to be more nearly 
practical, and would probably have to be obtained by thinning a 
heavier stand. 

Various difficulties were encountered with the 16-inch spacing 
generally used in 1943 plantings. In the Red River Valley of Min- 
nesota the farmers use an 18-inch row spacing for onions, sugar beets, 
and other root crops, and their cultivating machinery is adapted to 
that spacing. The cultivation of differently spaced row crops would 
require the frequent adjustment of equipment. 

Zehngraff (fóp) indicates that with the equipment available 16-inch 
row spacing was somewhat too close. He also suggests that the 
20-inch allowance for tractor tread is insufficient for iron wheel 
tractor travel. If the tractors were equipped with rubber tires, the 
20-inch spacing would probably be sufficient. Zehngraff points out 
that, in practical operation of a tractor-drawn eight-row seeder, some 
variation in the space between the second and third rows of the split 
beds is bound to occur (fig. 10, p. 69). 
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Milnes (28p) noted that 16-inch row spacing is not wide eDough to 
avoid damage by laborers during weeding. Mexican laborers on the 
Saginaw, Mich., fields were accustomed to wider spacing of the sugar- 
beet rows. 

Green (15p), working in a region where 14-inch row spacing was 
used for vegetable crops and where the equipment could not be readily 
adjusted to the 16-inch spacing, recommends 20-inch spacing. He 
recognizes that there is a reduction in yield at that spacing but 
predicates his recommendation on the practicality of covering more 
of the area with machine cultivation, thus requiring less hand weeding. 

In Montana the 20-inch row spacing was adequate for furrow irri- 
gation. Towards fall the plants narrowed the space between the rows 
and there was considerable damage to the plants during cultivation, 
preparation of irrigating furrows, and operation of the seed collectors. 
Coster (6p) reports that double rows, 9 inches apart, with 24-inch free 
space between double rows, proved satisfactory for all purposes. 

It is recommended that in any future operation the row spacing 
adopted in any locality be in accordance with the availability of farm 
equipment in that locality. Where there is no problem of adjusting 
equipment, the 16-inch spacing appears satisfactory, as did also the 
double row spacing of 9 inches with 24-inch free space between double 
rows for irrigated sections. 

Further study should be given to row and plant spacings in connec- 
tion with seed production. It is possible that the extra weeding and 
cultivation of seed-producing plants sowr in beds might be relatively 
insignificant, in view of the increased seed yields and lowered collec- 
tion costs. 

The evidence suggests that thinning is not warranted in stands 
having less than 40 plants per linear foot of row, a density that seems 
unlikely with ordinary sowing methods and average survival. 

Lysenko (28) insists that thinning heavy stands is desirable and 
suggests that it be done in connection with the first hoeing. He 
recommends that the rows be blocked out to leave several plants in a 
space 3 to 4 centimeters (roughly 1 inch) long alternating with spaces 
of 10 centimeters. He contends that with this practice large size 
roots will be obtained and that, although the number of roots per 
hectare will be smaller in comparison with fields where such blocking 
is not practiced, crops will be larger. This practice is also recom- 
mended in Agricultural Technique of Kok-saghyz (49) but no actual 
test data are given. 

On the basis of Stoeckeler's 1942 findings (40p) and because of the 
relatively high cost of thinning, instructions were issued that thin- 
nings on the 1943 plantings would not be attempted unless the number 
of plants exceeded 35 per foot of row. 
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A number of plots were sown at various densities and thinned to 
different degrees to determine the effect of density on seed, root, and 
rubber yields as well as on the cost of thinning. Zehngraff (45p) 
established replicated plots on three fields. In all cases, at the 
densities tested, the yield per acre decreased and the size of the 
individual roots increased as the density decreased. 

Coster (6p) reports on a number of detailed studies made at Mis- 
soula, Mont., in 1943 to determine the effect of density on yields 
of roots and seed. He states that in these plots the root weight per 
unit area increased up to the maximum density tested in this case, 15 
plants per linear foot. He points out this finding may apply only to 
the first season's growth and that it is possible that at the end of 
the second season the total root weight might be less in the denser 
stands than in the more open stands. 

Coster also tried blocking and thinning by hand and thinning by 
cross-field cultivation with cultivator teeth and weeding knives so 
adjusted as to have a blocking effect. He reports that while the cost 
of the hand operation was excessive thinning with machinery might be 
done at a reasonable cost. Machine thinning cannot be done before 
the plants are at least 20 days old as the young plants are very sus- 
ceptible to any disturbance of the soil, nor can the thinning be done 
successfully after the plants are about 40 days old since there will be 
a tendency for many of the disturbed plants to reestablish themselves. 

Zehngraff (45P) reports a definite relation between methods of 
seed treatment, the density of the stand, and the amount of seed 
produced per acre for the entire season. For example, in 1943 trials 
presprouted seed produced 18 plants per foot from which were col- 
lected 13.4 pounds of seed per acre. 

Soaking treatment gave a stand of 10.1 plants per foot, prechilling, 
14.4. The amount of seed produced per acre was 12.6 pounds and 
12.7 pounds, respectively. Untreated seed established only 3.9 plants 
per linear foot that yielded 9 pounds of seed per acre. The KNO3 
treatment gave 1.6 plants per linear foot and a seed yield of only 4 
pounds per acre.    All sowings were at the same rate. 

Zehngraff summarizes the 1943 experiment on seeding rate and 
density with a statement that 20 plants per foot seems to be the most 
desirable density for seed production. In these tests, 3 pounds of 
seed per acre were sown. There are approximately one million seeds 
per pound and the germination averaged about 70 percent. This 
rate of sowing gave an average total of 96 seeds per linear foot, with 
67 of them viable. 

Using pretreated seed on reasonably well-prepared ground 10 to 12 
plants per foot survived to the end of the season. About half of this 
number survived where the seedbed was less well prepared or the seed 
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sown too deeply, and up to twice this number where the soil was 
especially well prepared, the best seed treatment used, and the seed 
sown at the correct depth (fig. 15). 

To obtain about 15 plants per foot at the end of the season it is 
necessary to sow about 3 pounds of properly pretreated seed per acre 
at the right depth in a well prepared seedbed. Under poor seeding 
conditions or in rough seedbeds the amount should be increased by 50 
to 100 percent in order to obtain the desired density. 

FIGURE 15.—Minnesota kok-saghyz field just before maturation of seed.    (Forest 
Service—F-427175.) 

It is concluded that thinning is not necessary unless stands are 
excessively dense, that is, more than about 35 plants per linear foot. 
This density was seldom secured in 1943. It is probable that roots 
from stands more dense than this would be so small as to increase the 
difficulty and cost of harvesting. 

Vegetative Propagation 

By the late 1930's the Eussians {39) had recognized that the avail- 
able kok-saghyz seed lots produced plants varying greatly in rubber 
content, root size, and other important characteristics. As a means 
of propagating desirable plants, they investigated reproduction by 
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crown and root cuttings. While Lysenko (27, 28) emphasized that 
the method had not been thoroughly tested in field experiments, he 
pointed out that it might be of value in getting the plants off to a 
good start and enable them to successfully compete with early spring 
weeds. 

After a series of studies Mynbaev (39) concluded that kok-saghyz 
is well adapted to propagation by cuttings if they are made in the 
spring, from April to mid-June. Crown cuttings proved best since 
the plants established from these cuttings flowered earlier and pro- 
duced more seed and larger roots. Cuttings planted in November 
were a failure as were also attempts at propagation by leaf cuttings. 
Lysenko and Mynbaev agreed that the pieces of roots or crown should 
be thoroughly callused in moist sand before planting in the field. 

Preliminary tests at Beltsville, Md., and St. Paul, Minn., in 1942 
indicated good growth from cuttings under greenhouse conditions. 
As a result of this confirmation of Russian experience a number of 
field tests were planned in the spring of 1943. 

Kluender (21^) prepared cuttings at the Chittenden Nursery at 
Wellston, Mich., from roots shipped from Manistique, Mich., and 
from Belle Glade, Fla. Some 23,000 root cuttings and 3,000 crown 
cuttings were carefully prepared. Some were callused in sand at room 
temperature and others were carried through the temperature treat- 
ment recommended by H. A. Senn, Division of Botany, Central Exper- 
iment Station, Ottawa, Canada, namely, 1 to 2 weeks at 40° to 50° F. 
followed by 1 to 2 weeks at 60° to 80°. Kluender reported a high 
percentage of callusing with each treatment.  . 

However, field conditions were too wet to permit planting the cut- 
tings when they were ready and they were held for 10 to 17 days. 
During this period there was considerable growth of etiolated leaves 
on the crown cuttings and a heavy loss by rot occurred (fig. 16). 
When planted the leaves dried and although 10 percent of the crown 
cuttings recovered and produced new leaves by midsummer they were 
a complete loss. Not a single plant was developed from the root cut- 
tings planted in peat soil at Saginaw, Mich., in the first week of June. 

McQueen (27jp) reports preparation of 130,000 root cuttings and 
60,000 crowu cuttings at Cass Lake, Minn. Dormant roots were dug 
from the 1942 field plantings, and the larger ones were used for cut- 
tings. These cuttings were treated in a room iced for the first 2 
weeks, then opened, aerated, and held at room temperature for 10 days. 

It was not possible to plant these cuttings at the conclusion of the 
callusing treatment and they were held in moist sand without any 
attempt to reduce the temperatures below 40° F. After 17 days 
the crown cuttings had a top growth of about ){ inch and small roots 
appeared on the callus (fig. 17).    On May 28, 15,000 crown cuttings 
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FIGTTEE  16.—Top growth on crown cuttings of kok-saghyz. 
cuttings had not developed roots.    (Forest Servicc- 

At this stage these 
-F-426663.) 

were shipped to Crookston, followed by another 15,000 on June 2. 
By the time of shipment the leaves were about 4 inches long, 

McQueen reports that the root cuttings callused well. Shipments 
were made to Crookston on May 26 and June 2. Aside from the top 
growth the cuttings were reported to be in good condition when 
shipped. Another shipment of root cuttings was made to Aitkin, 
Minn., on June 22. 

Zehngraff {45])) reports that 3 months after planting only 5.1 per- 
cent of these crown cuttings and 8.2 percent of the root cuttings had 
become established. It is probable that had the cuttings been planted 
at the proper time greater survival would have resulted. Harvested 
roots from these plants were large and branched, and analysis showed 
high rubber content, comparable with 2-year-old seedlings. The 
plants from cuttings flowered more quickly and produced more seed 
per plant than plants from seed. 

Coster ißp) planted about 1 acre of root and crown cuttings in 
early May 1943 at Missoula, Mont. The crown cuttings were planted 
in the field immediately without any attempt at callusing while the 
root cuttings were planted after 9 to 11 days in the moist-sand cal- 
lusing medium. For a period of 2 weeks during and after planting 
the cuttings the weather was cold, 40° to 46° F., and 1.33 inches of 
rain fell.   During this cold period the cuttings rotted in the ground. 

728607—47 7 
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FIGURE 17.—Upper row, crown cuttings. Lower row, root cuttings. Note the 
much more extensive top growth on the crown cuttings. (Forest Service— 
F-426664.) 

Steinbauer {Sß-p) reports good stands from cuttings planted in 
ground beds in the greenhouse but his plantings in the field at St. 
Paul did not survive. More satisfactory results were secured at 
Belle Glade, Fla., during the winter of 1943-44 using freshly callused 
cuttings from fall-dug Minnesota-grown roots which had been held 
in cold storage prior to shipment to Florida. Strong and Poehlman 
{^-Ip) show 75 percent survival and establishment of the freshly made 
cuttings at Belle Glade. Higgins {ITp) suggests that better results 
might be obtained in the North with fall-dug stock kept in cold 
storage until spring. 

In order to test more adequately a lead developed in the summer 
of 1943, small plantings of crown cuttings and root cuttings were 
made at Moorhead and Aitkin, Minn., in the spring of 1944 using 
freshly dug roots and crowns as well as crowns cut in the previous 
fall in connection with the topping which was a part of root harvest- 
ing. In the mechanized topping operation, the knives occasionally 
cut too deeply and took off about 1 inch of crown with the tops. 
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These pieces, which had lain on the ground over winter were collected 
and planted in the fields. 

In late June counts showed that 90 percent of the fall-topped 
crowns planted in mineral soil and on peat soil developed roots and 
tops. Ninety-three percent of the spring-cut crowns on mineral soil 
and 82 percent on peat had likewise established themselves. 

Only 1 percent of the spring-made root cuttings had developed 
tops and roots by late June on either the mineral soil or the peat. 
An additional 76 percent of these cuttings were still alive on the 
mineral soil, and had developed small tops but no roots. Twenty- 
three percent of the cuttings on mineral soil and 99 percent of the 
cuttings on peat soil died. 

Propagation by root or crown cuttings seems on the basis of existing 
data to be of value only in connection with plant improvement. If 
more information concerning the nature of root formation by cuttings, 
and particularly the effects of time-of-preparation and storage upon 
the rooting of cuttings, becomes available, it might be possible to 
mechanize procedures and make practicable the wide-scale use of 
cuttings. 

The advantages of rapid and vigorous early development and uni- 
formity of stands which might be expected with the use of cuttings 
as planting material would seem to warrant further investigation. 

Transplanting 

Since one of the goals of the kok-saghyz project was to prepare for 
the possible emergency production of rubber, consideration was given 
to all methods which might increase production of a given area in a 
season and to speed up improvement of the plant. 

Along this line, a test was made of the practicality of transplanting 
seedlings, particularly with the thought that seedlings might be 
transplanted from the South to the North in the early spring, and from 
the North to the South in the early fall. By thus doubling the number 
of generations in a year plant improvement could be speeded and a 
seed supply built up more rapidly. 

Transplanting proved more useful than cuttings in speeding pro- 
duction. In the spring of 1943 Zehngraff (¿Sp) transplanted small 
plants from the 1942 harvest segregated at the time the root cuttings 
were made. Unfortunately, like the crown and root cuttings, the 
transplants had to be held for a long period before the fields were dry 
enough to plant. The temperature at which they were held was not 
sufficiently low and there was considerable top growth with accom- 
panying root growth, hence abnormal development of the plants. 
Although the material was culled carefully, no transplants survived. 
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The experiment was repeated using freshly dug roots which, how- 
ever, had grown and developed foliage. Unfortunately these, too, 
had to be held for several days because of rain and only 5.4 percent 
survived. On the Aitkin peat area the same late-lifted stock was 
transplanted immediately. There was a 75 percent survival where 
the planting was done by hand but only a 38.3 percent survival where 
the planting was done with a celery transplanting machine. 

Zehngraff repeated the experiment using dormant stock in the 
spring of 1944 and secured survival of 96 and 97 percent respectively 
on mineral and peat soils. 

Kluender {21 p) likewise reports poor results at Manistique, Mich., 
in transplanting 1-year-old stock which had been held in cold storage 
for more than 1 month. The stock shipped from Belle Glade, Fla., 
in a refrigerator car gave better results. 

Poorly developed seedlings from the 1942 planting at Savenac 
Nursery, Mont., were dug in the spring of 1943, trucked to Missoula, 
and immediately transplanted (frp). A fine stand resulted. Seed 
collection was started on June 18 and continued until mid-October. 
This was rather surprising since it w^as supposed that 2-year-old 
plants produce seed profusely for about 30 days in early summer and 
then go into a dormant stage. The root yield was calculated to be 
at the rate of 3,532 pounds per acre, a yield which lacked only 300 
pounds of being as heavy as that from the best 1-year-old field at 
Missoula. The density of the surviving transplants was 4 per linear 
foot as compared to 12 plants for the seedling stand. 

Higgins {17p) indicates excellent success at Geneva, N. Y., in 1943 
with plants shipped from Belle Glade, Fla., and Tifton, G a., even 
though the roots had been kept in cold storage from April to June 
at a temperature of 32° to 34° F. These transplants started growing 
almost immediately and yielded seed calculated at the rate of about 
32 pounds per acre. Plants from seed sown on the same date as the 
transplants yielded 4 to 8 pounds per acre. 

Apparently transplanting of seedlings to accomplish the production 
of two generations in 1 year presents no major problems. However, 
the expense involved is so great that it is doubtful whether any wide- 
scale use of transplanting would ever be made except in relation to 
acceleration of plant improvement. 

Diseases of Kok-saghyz and Their Control 

In the spring of 1942 the most serious disease of kok-saghyz was 
damping-off. At the Butternut Nursery, Butternut, Wis., most of 
the stand was wiped out by this disease. 

The appearance of damping-off and experience with other intro- 
duced crops suggested the advisability of careful checks of kok-saghyz 
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plantings to determine whether or not the plant is susceptible to any 
native diseases and whether any diseases were introduced with it. 
These observations indicate that while kok-saghyz is susceptible to 
attack by fungi, bacteria, and viruses, these have not been the limiting 
factors in its production. Diseases have been observed, however, 
wherever kok-saghyz has been grown. 

Rots constituted the principal reason for the failure of root cuttings 
in 1943 while poor stands from seed have been attributed mostly to 
unfavorable weather conditions. Considerable damage was also 
caused by damping-off, particularly pre-emergence damping-off. 

There is a tendency for kok-saghyz plants, especially second-year 
plants, to become dormant during the summer under certain condi- 
tions, and apparently they are very susceptible to crown and root 
rots during this dormancy. 

Specimens of diseased materials were collected from most kok- 
saghyz trial areas of the United States and Canada. Isolations of 
pathogenic organisms from these specimens were studied either by 
local pathologists or more intensively at the Rubber Plant Field 
Laboratory of the Bureau of Plant Industry, Soils, and Agricultural 
Engineering, St. Paul, Minn. (16p, 36p). These organisms included 
species of Rhizoctonia, Fusarium, Pythium, Sclerotium, Sclerotinia, 
Botrytis, Ramularia, Alternaría, Phoma; Erwinia caratovora, Agro- 
bacterium tumefaciens;  and  Xanthomonas  sp. 

Disease-producing fungi and other organisms may be carried on 
and in the seed and are capable of preventing germination or attacking 
the seedlings, either destroying them or retarding their development. 
Fortunately all of the lots of Russian seed received in this country 
were relatively free from such organisms, a condition which has not, 
however, been true of some of the seed lots produced in the United 
States. 

Extensive petri plate tests were made of all seed lots from Russia 
and many of the lots produced in the United States. A species of 
Fusarium was the most common pathogen isolated from Russian 
seed-lots in these tests and usually less than 3 percent of the seeds were 
infected with this fungus. Considerably more of the small amount of 
American-grown seed produced in 1942 was infected. Infection ran 
from 6 to 55 percent. In 1943 seed produced under very dry western 
conditions showed very little infection while that produced under the 
more humid conditions in other areas showed relatively high incidence 
of infected seed. 

Thirty different fungicides have been tested in the field and green- 
house. On the basis of all tests Metrox (purple cuprous oxide) 
proved the best. Copper carbonate also was very satisfactory. 
Both of these fungicides not only cause significant increases in emer- 
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gence from infested seed but also reduce fpostemergence damping-ofï, 
thus increasing the net stand. 

Seed treated with either o>f these fungicides may be subsequently 
vernalized or subjected to various other wet treatments without in- 
jury. Certain other fungicides such as New Improved Ceresan, 
Dubay 1452-C, Ceresan, Sanoseed, K-221, and U. S. Rubber No. 604 
caused injury under some of the test conditions. 

The first 2 or 3 weeks after emergence is a critical period in the life 
of the seedlings. If conditions are unfavorable for rapid growth, 
high percentages of the seedlings may damp-off. 

In 1943 the losses from damping-off were negligible except on the 
peat soil at Aitkin, Minn., where mortality ranged from 31.4 percent 
on the previously cultivated peat soil to a much higher percentage on 
uncultivated peat. Species of Pythium, Fusarium, and Rhizoclonia 
were the fungi most commonly associated with seedling diseases. 

From the time the plants reach the rosette stage up to the time they 
approach dormancy (either'summer or winter dormancy), they are 
less likely to be damaged by diseases than at any other period because 
this is ordinarily a time of vigorous growth and development. The 
plants are, however, susceptible to leaf spots and virus diseases. 
Leaf spots are common but have been of little significance. They 
are caused by species of Ramularia and Alternaria, and various 
bacteria. 

In the callusing trays, in transit, in various storage places, and in 
the soil, rots destroyed more than 85 percent of all root cuttings 
made in 1943. 

Prevention seems to be the only control measure for these rots. 
Nothing has been found which will save cuttings once they have begun 
to rot. A number of fungicidal dips and dusts as well as chlorine 
dioxide and ozone gases have been tried without success. Preliminary 
studies indicate that much of the rotting can be avoided. -There is 
good evidence that the stage of development of the roots when the 
cuttings are made is extremely important. In general, vigorous roots 
give the most vigorous cuttings. Striking differences in the ability of 
cuttings to regenerate and resist rots have been observed. Root cut- 
tings made from plants that had just gone into dormancy following 
the peak of seed production were found to have a much higher mortal- 
ity than cuttings made from plants that were growing vigorously. 

Roots should be hardened and stored at low temperatures as soon as 
they are dug to prevent rots from starting. It is much safer to ship 
roots   than   cuttings. 

Sanitation is of extreme importance. Storage rooms, callusing 
trays, packing materials, etc., should be kept free from pathogenic 
organisms. 
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Diseased roots should be carefully eliminated at time of digging. 
The less roots are handled after they are placed in storage, the better 
as rots are readily spread from diseased to healthy roots. 

A number of plants scattered throughout the Red River Valley 
fields that developed a peculiar yellow condition in August 1943, and 
were later treated by deep cultivation, remained chlorotic. It was 
apparent that these plants were infected with some disease. The 
inner leaves of the rosettes were yellow and curled and the flowers and 
scapes were conspicuously distorted. Pathologists thought this to be 
an aster-yellows disease although it was not positively identified as 
such. The disease was distributed throughout the fields but affected 
only a few plants. 

During the summer of 1942 a few plants were lost from root rot. 
In 1943 there was a limited amount of rot in several fields throughout 
the area, and it increased somewhat on mineral soils in the spring of 
1944. 

Peat soils appeared favorable to the development of rot organisms. 
The peat field at Klamath Falls was flooded during the winter of 1943- 
44 and the entire root crop was lost to rot. On the Plainfield, Wis., 
peat 4.7 percent of the roots were completely rotted in the spring of 
1944 while an additional 21.3 percent were rotted down about 3 inches. 
The last examination was made early in the spring and it is probable 
that subsequently all roots showing rot would have become a total 
loss. 

Heavier losses were noted in low spots where moisture was greatest 
and the incidence of rot seemed to be related to the lack of snow 
cover. Barton (3p) could detect no appreciable difference in the 
loss of roots which had been topped the previous fall and those which 
had not been topped. Kluender (23p), however, reports that 17 
percent of the plants at Saginaw, Mich., topped but not dug in the 
fall of 1943 showed rot. Untopped plants showed only about 1 to 
4.5 percent loss. Coster (6p) reports a small amount of rot in the 
1-year-old stock carried over winter at Missoula, but a relatively 
heavy loss in the 1942 stock carried over to the third growing season. 

In the Southern States kok-saghyz, as well as other crops, is often 
attacked by Sclerotium rolfsii, an important pathogen which is not a 
problem in the North. 

Bair, of the Everglades Agricultural Experiment Station at Belle 
Glade, Fla., indicated that rot increased rapidly with hot weather in 
1943 and that all of the true kok-saghyz roots in a small plot rotted 
during the summer. Most of the rogues in the stand remained in 
good condition throughout the summer dormant season and grew 
thriftily the second winter. 

Erambert (13p) reports that root rot showed up on peat soils at 
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Belle Glade, Fia., as early as March 18, 1944, and that it had increased 
somewhat by the last of April. 

Over-winter losses in the fields were confined almost entirely to root 
rot. On mineral soil the loss from rot in 1943-1944 was not over 1 
to 2 percent. However, excluding the complete loss from flooding 
and subsequent rot on the Klamath Falls peat field, losses on peat 
fields ranged from 15 to 26 percent. 

In Montana, Coster (7p) had sown seed at 2-week intervals from 
July through October 13, 1943, and forced early germination by 
irrigation. Sowings made prior to September showed no particular 
winter injury, but the sowing made on September 6 showed a loss of 
3.29 percent. On the other hand, Oliver (Sip) reported rather heavy 
losses in younger plants from a late reseeding on the Pease field at 
Seneca Falls, N. Y., in the latter part of June. Coster also reports 
that two Montana chinook winds followed by cold weather occurred 
during the winter and a number of ice ponds formed in the fields. 
The over-winter losses were no heavier here than in other parts of the 
fields. 

Roots in storage are susceptible to the usual storage rots of root 
crops (36p). Serious rotting of the roots developed in the temporary 
stock piles at several fields and it became necessary to spread the roots 
out so that they might dry in the open air and sunshine. 

A carload of fresh roots shipped from Moorhead, Minn., to the pilot 
plant at Philadelphia, Pa., in December 1943, apparently overheated 
en route, and about one-half of the shipment rotted. A test indicated 
that the quality of the rubber was not impaired by the rotting but the 
mass of rotten roots was difficult and unpleasant to handle. 

Experience indicated that kok-saghyz is not subject to serious 
attacks by disease-producing organisms, except possibly root rot on 
peat soils after the first year. Nonetheless, it will probably be good 
agricultural practice to avoid following kok-saghyz with kok-saghyz, 
and to use some crop rotation. This practice will lessen the build-up 
of specific disease-producing organisms in the soil. 

In plant selection and breeding work to increase root, rubber, and 
seed yields, attention should be given to the possibility of developing 
hardy plants and resistant strains. Further study of storage problems 
is essential to reduce rot losses, especially if the winter operation of 
the extraction plant is to be based on fresh roots. 

Insects and Other Pests 

In 1942 little insect damage was noted in the Lake States plantings. 
However, a heavy infestation of leafhoppers caused some concern at 
the Manistique, Mich., and Butternut, Wis., nurseries.    A repellant 
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spray of Bordeaux mixture was used immediately and the subsequent 
damage was insignificant. 

Root injury from white grubs was reported both in the Lake States 
and in Montana but it was not serious. In Montana some injury to 
seedheads was caused by red and black ants {5])). There was also a 
heavy infestation of grasshoppers for a period of about 5 days in the 
latter part of August. The insect population built up rather rapidly, 
but disappeared overnight and no control measures were undertaken. 

In 1943 leaf hoppers appeared in large numbers in some of the Red 
River Valley fields (24p)> but were eliminated by unfavorable weather. 

Grasshoppers were also present in sufficient numbers to cause 
damage. On the Lamb field at Moorhead, Minn., turkeys were 
moved close to the field and they rapidly eliminated the grasshoppers. 
The turkeys did some damage to the kok-saghyz before the roost was 
moved to a more distant point. 

Coster (6p) reports a grasshopper invasion on one field at Missoula, 
Mont., from an adjacent field in early September 1943. Approxi- 
mately 20 percent of one field was completely defoliated, but the 
roots sent up new leaves before the first of November. While the 
defoliation did not kill the 4-month-old plants, their development was 
delayed and the defoliated plants had not bloomed by June 20 the 
following year. 

The most serious insect damage occurred in the winter of 1943-44 
at Belle Glade, Fla., and Edinburg, Tex. At Belle Glade damage was 
caused by two species of cutworms. Cutworms are a real problem 
throughout the Everglades agricultural area and many vegetable 
producers find it necessary to spread poisoned bait continually. 
Erambert (13p) baited the kok-saghyz fields 19 times between Decem- 
ber 16 and January 19. Damage was negligible after the rosettes 
reached a diameter of 3 to 4 inches. The surviving patches of older 
plants were dusted with arsenic as an added control measure. 

Aphids appeared on the plants at Belle Glade in late December 
1943, but did no appreciable damage and disappeared after a few 
days. 

Some nematode injury has been noted in kok-saghyz planting in 
this country but it was not serious. Skabrilovich (69) reports kok- 
saghyz quite susceptible to nematode injury. 

When seed collection started at Edinburg, Tex., in the spring of 
1944 it was noted that nearly half of the seed heads were infested with 
a green worm later determined to be the larva of a small moth, 
Homoeosoma electellum. This moth laid its eggs in the flowers and 
the larvae fed on the seeds as they developed. Deffenbacher (12p) 
dusted the flowers with calcium arsenate.    There was a reduction in 
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the infestation but it is not known definitely whether this was a 
result of dusting or whether the end of the insect's larval cycle had 
been reached. 

Deifenbacher also reports fumigating the seed heads with carbon 
disulfide as they were collected. This insecticide has a deleterious 
effect on the germination of many seeds and probably is not to be 
recommended. This particular insect is reported to be distributed 
throughout the United States but has not appeared elsewhere on 
kok-saghyz. 

Although, except for the two heavy infestations in the South, 
insects did not prove troublesome in the growing seasons of 1942 and 
1943 nor in the spring of 1944, it is possible that with large acreages 
in production there might be a considerable insect problem. 

In a few fields minor damage was caused by rabbits, pocket gophers, 
and other small animals. 

Eradication 

Inasmuch as the attempts to cultivate kok-saghyz represented 
attempts to domesticate a wild plant, numerous fears were expressed 
that the plant might become a noxious weed. The fact that kok- 
saghyz is a dandelion and that the common dandelion is a serious 
pest in some parts of the country, particularly in lawns, tended to 
emphasize this possibility. Control and eradication of plants was 
given attention during the experimental production of kok-saghyz 
because of this possible weed factor and to avoid continued growth 
of the plant and competition with later crops planted on fields once 
sown to kok-saghyz. 

None of the farmers in the Red River Valley of Minnesota expressed 
any fear that kok-saghyz would become a noxious weed in their 
fields.    Where the fields were plowed and disked in the spring of 
1944 in the process of terminating the kok-saghyz experimental pro- 
gram, practically all of the kok-saghyz plants were killed out. 

In one field planted to corn a few kok-saghyz plants survived but 
it was anticipated that these would be killed by cultivation (fig. 18). 
One of the farmers did not plow or otherwise remove the kok-saghyz 
but simply cultivated and harrowed the field and then drilled in a 
crop of wheat. The kok-saghyz was not completely eradicated and 
the wheat growth on the kok-saghyz rows was less vigorous. How- 
ever, by the end of June the wheat had completely outgrown the 
kok-saghyz and it appeared as if the kok-saghyz would be entirely 
suppressed. Rogue plants which had been purposely left in some 
sections of this field were more vigorous and produced a heavy seed 
crop in the wheat. 
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FIGURE 18.—Cornfield showing survival of some kok-saghyz. This field was 
planted to corn without any special attempt to eradicate kok-saghyz from the 
previous year.    (Forest Service—F-430376.) 

In the Red River Valley it was recommended that if kok-saghyz 
had not been harvested, fields should be plowed and disked before 
being planted to row or grain crops. 

The mineral soil at Saginaw, Mich., was plowed and planted to 
navy beans. Observations late in the season indicated that the kok- 
saghyz plants had been practically eliminated. The peat, where 
roots had been harvested, was disked and harrowed before being 
planted to tomatoes or other crops. A few kok-saghyz plants showed 
up but these were easily eradicated by regular cultivation. 

On one field planted to reed canary grass, kok-saghyz did not 
present any difficulty but weed seed in the soil did germinate. Obser- 
vations were made on one small area in this field on which kok-saghyz 
had not been harvested. Here the kok-saghyz plants competed with 
the weeds until late spring of the second season and then died. 

The part of the Plainfield, Wis., planting on peat which was not 
harvested and on which no eradication measures were taken was 
plowed on May 11 and sowed to onions on May 18, 1944. Up to 
the end of June a few kok-saghyz survived but these were easily 
removed in the weeding process. 
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In Montana the situation was somewhat different. There, most 
of the farmers seemed to fear that kok-saghyz would become another 
weed pest, like the Russian-thistle. 

Coster {7p) tried to determine the best method of eradicating 
kok-saghyz. When the land was simply plowed upturned roots were 
left protruding. Disking the fields effected a thorough distribution 
of roots throughout the soil. The roots started growth and on the 
fields on which disking was done it was necessary to pick out the 
plants by hand. A week after such hand removal additional kok- 
saghyz showed up and a second hand clean-up was necessary. 

Another field was double-disked at right angles and then plowed, 
but even then some plants grew. A third field was double-disked 
twice. The first double-disking was done at right angles to the rows 
and the second, diagonally across the rows. Plowing followed imme- 
diately and completely buried the roots. It was necessary to hand- 
pick very few roots from this area. 

A fourth field was double-disked, first diagonally, and then, at 
right angles to the rows. Two days later it was plowed 8 inches deep. 
Between the disking and the plowing, the shredded and mutiliated 
tops and root crowns had dried and wilted. On this field it was not 
necessary to hand-pick any roots, and eradication was considered 
100 percent successful. Such a process is considered too expensive 
to be practical. 

In addition to the eradication of kok-saghyz in the several fields 
in Montana, eradication by chemicals of volunteer kok-saghyz on 
embankments, along irrigation ditches, and in depressions was under- 
taken. After the chemicals were applied, rains fell, volunteer kok- 
saghyz again made its appearance, and a second treatment was 
necessary. 

Flooding of the peat tract at Klamath Falls, Oreg., in the winter 
of 1943-44 destroyed all the kok-saghyz. Dill {10<p) planned three 
eradication experiments on the mineral soil. The first field was plowed 
10 inches deep and "rod" weeding was done with an especially designed 
weeder which is used extensively in the locality. This tool cut the 
roots and exposed them to the sun. Dill estimated that at least 99 
percent of the plants were destroyed by this method. The second 
area was disked 5 inches deep and the rod weeder used. The exposed 
plants dried quickly and 95 percent were killed. The third area was 
double-disked only. This operation cut the plants and exposed most 
of the crowns to drying, but by this method eradication was only 75 
percent efficient. 
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SEED PRODUCTION 
Seed Formation 

As previously noted, the Russians report that flowering of kok- 
saghyz generally begins 60 to 70 days after sowing. Milnes (28p) 
indicates that in Michigan, the first flowers were noted 42 days after 
seeding but that profuse flowering was not noted until the fifty-second 
day. Zehngraff (45p) reports that in the Red River Valley of Min- 
nesota a 60-day period elapsed between sowing and the appearance 
of the first flowers. He comments that late-sown fields produced 
little or no seed during the first season. 

Knutson (24p) also comments that, in Minnesota, approximately 
60 days elapsed between sowing and the appearance of flowers on 
early sown plants and indicates that a shorter period elapsed on those 
fields which were sown later. 

Coster (6p) at Missoula, Mont., noted a decided difference in vigor 
and growth rate between stands from 1942 Montana-collected seed 
and those from Russian seed. At approximately 50 days after sowing 
flowers appeared on plants from Russian seed, while plants from 
Montana-collected seed had already developed mature seed. The 
first field at Missoula sown with Montana-collected seed on May 8 
yielded mature seed on July 1, 1943. 

At Miles City, Mont. (18p), a plot sown in the fall of 1942 produced 
seed by June 21, 1943, while a plot sown April 9 did not produce mature 
seed until July 15. 

Zehngraff (45p) also points out that the kind of presowing treatment 
given seed seemed to have a marked effect on time of seed production. 
Strips on which presprouted seed had been sown produced flowers 
considerably earlier than those planted with seed from other treat- 
ments. Plantings made with prechilled seed flowered about a week 
later. 

At Belle Glade, Fla. (18p), the first flowers were noted on the 
November 1943 sowing 56 days after seeding but it was not until 
February 20 that the plants from this sowing reached the height of 
flowering. Seed was produced in appreciable amounts over a 64-day 
period. From the January 1 sowing the first flowers appeared after 
about 50 days but the period of production extended only 37 days. 

In the winter of 1943-44 at Edinburg, Tex., the first flowers did 
not appear until 90 days after sowing (12p), because of cold weather. 

Experience indicated that in addition to the influence of inherited 
characteristics, time of flowering is determined by factors which 
affect time of germination and rate of growth. Predominant among 
these factors are the treatment of the seed prior to sowing, depth of 
sowing, weather conditions following sowing and during the early life 
of the plant, and the degree of maturity and vigor of the seed. 
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The Russians report that most of the pollination of kok-saghyz is 
done by insects and suggest that bees are the most important. Stein- 
bauer (36p) conducted an interesting study, at St. Paul, Minn., on the 
value of bees in cross pollination. Two large screened enclosures were 
built over several short rows of kok-saghyz. When the plants were 
in flower a small hive of bees was placed in one of the enclosures while 
the other was kept free of insects. Well-filled seeds were produced 
only in the screened enclosure containing the bees. 

Dent (9p) at Klamath Falls, Oreg., reported that during the early 
part of the season of 1943 less than 5 percent of the seed heads had 
filled seed. Six hives of bees were brought to the edge of the field, 
but the bees did not appear to work actively on the dandelion flowers. 
A few other insects were noticed. Regardless of the apparent lack of 
insect activity, more seeds were produced after the bees had been 
introduced. 

At Missoula, Mont., a number of stands of bees were located within 
one-fourth mile of most of the kok-saghyz plantings. Much bee and 
other insect activity was noted throughout the fields and may have 
been a major factor in the large seed yields produced at that point. 
Hurtt (18p) reported an abundance of bees at Miles City, Mont., and 
a high percentage of fertile seed was produced. 

On the other hand, the vigorous 1943 stands on peat at Plainfield, 
Wis., flowered profusely, but in cleaning the seed it was found that 
more than one-half were not filled. In the spring of 1944 second-year 
plants on this tract likewise produced few filled seeds. This par- 
ticular area was somewhat isolated from other flowering crops and 
there were apparently few bees in the vicinity, either wild or in 
apiaries. 

E. G. Stoeckeler in an experiment, the results of which have not 
been published, found that when he bagged flower heads to prevent 
pollination by insects, no fertile seeds were produced. 

Koroleva (20) observed that kok-saghyz in wild stands does not 
flower the first year, but under cultivation the same wild seed pro- 
duces plants, of which 20 to 30 percent flower the first year. She 
found that by sowing seed of the first flowering plants from a 1-year- 
old stand she could secure up to 50 percent first-year-flowering plants 
in the succeeding generation. In 1939, using seed of the fourth gene- 
ration of 1-year-old stands, she secured 100 percent first-year-flower- 
ing plants. 

The fact that only a portion of the plants flowered and produced 
seed the first year was noted generally by investigators in this country. 
It was also noted that among the plants which flowered the first year 
certain plants flowered early and other plants flowered later. At the 
start of investigations no reliable information was available regarding 



RUSSIAN DANDELION 105 

correlation of flowering habit with leaf form and other obvious char- 
acteristics, or with rubber content. 

Zehngraff (45P) made specific observations on leaf variation, flower- 
ing habit, and rubber content. He reached the general conclusion 
that the lowest rubber-yielding plants flower early during the first 
year and that seed collected from the early flowering plants would 
produce a relatively low rubber-yielding population. 

Zehngraff did not find consistent correlation between leaf type and 
flowering habit. Coster (6$), at Missoula, Mont., noted in 1942 that 
only a portion of the plants flowered the first year. He found that 
the plants which did not flower the first year produced the largest 
roots, the greatest tonnage per acre, and had the highest rubber 
content. 

Second-year plants at Miles City, Mont., started growth the last 
of March and the plants were in full flower by May 17, 1944. Seed 
collection was started May 27. At Missoula there was not enough 
seed for collection until after the first of June. In Minnesota a few 
flowers were found on plants on mineral soils in early May. They 
became quite numerous toward the end of the month, but the height 
of flowering was not reached until June 15. 

On peat soil the first flowers appeared on May 15 at Saginaw, 
Mich., May 25 at Aitkin, Minn., and May 28 at Plainfield, Wis. 
The initiation of flowering and the length of the flowering period is 
influenced by the time of the warming up of the soil. 

Rather unexpectedly, seed produced in Wisconsin during a period 
of mild October weather following a hard freeze in late September was 
of high quality. 

Irrigation 

Altukhov (2) indicates that kok-saghyz does well where the total 
precipitation is above 500 millimeters per year (19 to 20 inches), with 
enough rain in April and May to assure uniform and complete germi- 
nation of seed and swift and easy emergence. He also indicates that 
there must be rain in July and September in order to assure proper 
growth and yield. 

In the available Russian publications there are few discussions of 
irrigation and irrigation practices, although Altukhov mentions that 
on the semidesert soils kok-saghyz can be grown with proper agri- 
cultural techniques. 

He indicates that with irrigation fertilizers should be spread at the 
bottom of the furrovv before sowing to prevent concentration of salts 
in the upper layer of the soil. He also states that on irrigated land it is 
well to give several "forcing waters" to induce prompt and even 
germination of seed.    He suggests eight or nine irrigations during the 
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growing season, spaced 15 to 20 days apart in the spring and fall and 
10 to 12 days apart in July and August. 

In the 1942 tests on light sandy soils of the Lake States Stoeckeler 
(40p) and Jones (19p) found that several irrigations were necessary 
to secure germination and maintain proper growing conditions, 
although the average annual precipitation at Cass Lake, Minn., is 22 
inches and at Manistique, Mich., 30 inches. The rainfall during the 
growing season (April through October) averages 16 inches and 18 
inches, respectively. Plantings on heavier loams and silt loams, more 
retentive of moisture, probably would not require supplemental water 
except in those years when the seasonal rainfall is less than average. 

During the growing season of 1943 and the spring of 1944, excessive 
moisture rather than drought was an unfavorable factor in the Lake 
States and New York-Vermont areas. 

In the West the availability of irrigation water is insurance against 
crop failure although in a few favorable localities dry-farming tech- 
niques have been developed. 

In Montana (op, 6p, 7p) irrigated lands were used for the larger 
production tests but an attempt was made to grow kok-saghyz at 
Lewistown, Mont., and Bonners Ferry, Idaho, by dry-farming 
methods. At Lewistown insuíñcient rainfall after sowing prevented 
any germination. At Bonners Ferry fair germination was secured but 
the plants did not develop sufficiently because of lack of moisture, and 
the planting failed. 

Two systems of irrigation are used in Montana, flooding and furrow. 
In 1942 a 10-acre tract at Miles City was sown to kok-saghyz and 
flood irrigated. Severe crusting of the soils prevented satisfactory 
emergence. Later irrigation water carried a fine silt which was 
deposited on those plants that had emerged. This deposition was 
injurious and killed many of the smalJ plants. 

At Missoula row or furrow irrigation was used to better advantage. 
Consequently, in 1943 furrow irrigation was specified as standard 
practice. The regular furrow irrigating procedure in Montana is to 
level and float the entire field before sowing. Furrows are opened by 
irrigation shovels attached to the cultivator bar of the tractor. Water 
is then taken from the irrigation ditches through laterals to the fields. 

Some of the Missoula fields are lightly rolling and to irrigate the 
rows it was necessary to put in an unusual number of laterals following 
the higher ridges or benches. A good head of water was necessary in 
the laterals, but it had to be reduced materially in the furrows to avoid 
erosion. Short lengths of 2-inch pipe were used to take water from 
the laterals to the furrows. 

By careful control it was possible to irrigate most of the fields with- 
out causing erosion.    It was impossible to avoid flooding in some of the 
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lower portions of the fields, but contrary to the experience at Miles 
City no damage from crusting was noticed. The water was clear most 
of the time and no silt was deposited on the plants. 

In 1942, seven complete irrigations were given the Missoula fields, 
while in 1943 only four were requiied. 

To determine the water requirements of the plants water was with- 
held from small areas. Areas which were naturally difficult to irrigate 
were selected and received no moisture except rainfall. In every case 
but one the kok-saghyz died. The one area on which kok-saghyz sur- 
vived produced plants which failed to develop and flower properly. 

At Miles City, in 1943, water was withheld until it was noted that 
the plants were wilting and about to die. Water was then applied. 
After this irrigation a number of the first-year plants entered summer 
dormancy. This experience confirmed the opinion of Neuman and 
Sosnovets (43) that drought and intense heating of leaves are factors 
in the induction of summer dormancy. These investigators suggest 
that summer dormancy is not a result of biological maturation but is 
due to unfavorable conditions of growth. 

At Missoula, in 1944, it was necessary to irrigate second-year stands 
once during the spring period, but moisture conditions at Miles City 
made it possible to go through the spring there without irrigation. 

At Klamath Falls, Oreg., irrigation water was not put in the 
ditches- until the first of May, hence it was impossible to irrigate 
early April 1943 sowings (9p). A May sowing was lost when the 
irrigation canal broke and water was unavailable for several days at 
a critical period. After water was again available, the second-year 
stand was irrigated by flooding. 

On the Klamath Falls mineral soil furrow irrigation was attempted, 
but because the tract had never been in cultivation and the soil did 
not settle well after leveling, difficulty was experienced in getting 
water distributed. This may have been one of the factors responsible 
for the light stands and the light seed crop. Crusting was also a 
factor but no attempt was made to control it by irrigation. 

Coster (6p) observed that it is impracticable to operate the seed 
pickers across the lateral irrigation ditches which must be filled 
following irrigation and reconstructed when it becomes necessary to 
irrigate again. 

Seed Collection and Yields 

Inasmuch as building up of the seed supply was requisite to the 
development of the considerable acreage of kok-saghyz which the 
Russians had planted by 1940, attention had been given by them to 
problems of seed collection. Observations on the maturation of seed 
heads, and germination tests, had led the Russians to specify that 
the seed heads be collected just before they begin to expand into their 

726607—47 8 
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typical globular shape and just as the white pappus begins to appear 
above the bracts. At this stage the seeds themselves have become 
yellowish gray. 

The Russians had found it necessary to pick over a planting several 
times a day to avoid loss of large amounts of seed, for maturation of 
the seed heads is, under proper conditions, very rapid. Altukhov (2) 
points out that first-season plantings require the services of 3 or 4 
men per hectare (2.47 acres), and 2-year-old plantings 11 to 12 men 
per hectare each day duriug the entire seed-collecting season, which 
he reports as lasting 2 or 3 months on 1-year-old plantings and 1% to 
2 months on 2-year-old plantings. 

The enormous expenditure of manpower involved in this operation 
had led the Russians to attempt development of machinery for seed 
collection, but as far as could be learned most seed collection in 
Russia was still done by hand as late as 1940. 

Average Russian seed yields were reported as 20 to 30 kilograms 
(one kilogram equals 2.20 pounds) per hectare on first-year plantings 
and 80 to 100 kilograms per hectare on second-year plantings. 

Seed production in the Lake States during 1942 was disappointingly 
low, an average of 1% to 2 pounds per acre, or less than the amount 
of seed sown. All seed picking was done by hand, the plantings 
being gone over daily for a period of about 60 days. 

Where hand-picking of seed is necessary it is important to know 
the proper stages for harvesting seed heads in order to obtain seed of 
good quality without losing too great a proportion of seed between 
pickings through action of wind or rain. 

The 1942 tests indicated ^conclusively that good yields of seed or 
roots could not be secured on light, infertile soils of the northern 
forest area of the Lake States. A somewhat higher yield of seed was 
collected at Manistique, Mich., but at a greater expenditure of man- 
days. Better soil at the University Farm, St. Paul, Minn., produced 
17.5 pounds on 0.7 acre. 

Montana proved to be a much better seed-producing area. Coster 
(ôp) reported that in 1942, 225.5 pounds were picked from 16% acres, 
or an average of about 13 pounds per acre, on stands averaging less 
than one plant per linear foot of row. At Missoula, seed collection was 
done by hand between 10 a. m. and 7 p. m. daily. At first the area 
was covered three or four times a day, later twice daily. 

It was realized that hand-picking could not be justified either from 
the standpoint of the labor requirements or the cost, and hence con- 
siderable work was done in the development of mechanical seed 
pickers. 

Through cooperation of the Lake States Forest Experiment Station 
and the Minnesota Agricultural Experiment Station the following 
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guide was prepared for determining proper picking stages of seed 
heads to give maximum yields of viable seed (fig. 19): 

FIGURE 19.—Stages in the development of kok-saghyz flowers and seed.    (Forest 
Service—F-422422.) 

Stage 
No. DesCTiption of the siagz of development 

1. The yellow flower is fully opened. 
2. The flower has closed, with the tips of the yellow petals protruding above 

the involucral bracts.    Pappus not visible. 
3. Seed head closed with dried yellow to brown corolla lesting on top of visible 

white pappus. Remains of corolla can be pulled off readily. Seed still 
ñrmly attached. 

4. Remains of corolla sloughed off.    Pappus protruding as white tuft above 
the urn-shaped to slightly spreading involucre. Seed adhering fairly 
ñrmly.    This is the best stage to collect seed by hand. 

6. Seed heads partially open so that pappus forms a hemisphere. Seed comes 
loose with moderate pull but cannot be blown loose by light puff of 
wind. Hairs of each pappus are unfolded in shape of a small parachute. 
Seed should not be allowed to advance beyond this stage if it is hand- 
picked and it maximum recovery is desired. 

6. Seed head forming practically a full sphere. Involucral bracts reflexed. 
Seed readily detached by slight puff of wind. At this stage seed must be 
picked as often as twice a day to prevent loss by natural dispersal. This 
is the only stage at which highly efficient mechanical seed collection by 
suction devices appears feasible, although some seed in late stage 5 
development may be detached with strong suction. 

Lysenko (28) explains that the Russians had developed a seed- 
picking machine which could be readily assembled by a farmer in his 
shop. This machine was said to increase the efficiency of collection 
15 times and to greatly reduce the trampling and compaction of the 
soil by large numbers of laborers engaged in daily hand picking. 

In the winter of 1942-43 a blueprint of this machine was secured by 
the Farm Power and Machinery Division of the Bureau of Plant 
Industry, Soils, and Agricultural Engineering, and a machine was 
built and studied.   In the late summer of 1942, Aamodt, of the Lake 
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States Forest Experiment Station, built a one-row, manually pro- 
pelled seed picker, and when he found that the principle he had used 
was apparently satisfactory, he built a two-row motor-propelled 
picker. Stoeckeler UOp) describes these machines and the operation 
of them. The later-developed Ramp four-row pickers, with which 
most of the seed collection in the expanded program in 1943 was done, 
are described in the section of this report on equipment development. 

In 1943 the seed yield on peat at Saginaw, Mich., averaged about 
5 pounds per acre. In Minnesota a total of 1,041 pounds of seed was 
collected from the 228 acres on mineral soils in the Red River 
Valley, an average of about 5 pounds per acre. The individual fields 
varied from a low of 2.24 pounds to a high of 16.91 pounds per acre. 
The latter high yield was secured from a portion of a field which was 
sown on April 24 on Bearden silt loam and which represented perhaps 
the best stand in Minnesota. In Montana, Coster reported a collec- 
tion of 1,218 pounds of seed from 31.16 acres, an average of about 40 
pounds per acre. 

In order to learn something of the theoretical yield, Zehngraff and 
Aamodt {46'p) counted the number of buds and flowers on a given 
number of plants over a considerable period, determined the average 
number of seeds per flower (fig. 20), and computed a theoretical yield 
of over 200 pounds per acre for mineral soil fields of Minnesota. 

FIGUBB 20.—Close-up kok-saghyz   plants 
F-430369.) 

flower.    (Forest   Service- 
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Hurtt (18p) also computed a theoretical yield from the small plot at 
Miles City, Mont. He tallied all of the seed heads produced on sample 
plot areas during the period May 20 to June 15, 1943. He determined 
that the average head contains 100 seeds and that 95 percent of these 
were filled. His computation indicates, for the stock seeded in the 
fall of 1942, 265 pounds per acre from single rows of varying spacings, 
255 pounds per acre from double rows, and 381 pounds per acre from 
triple rows. 

Stock from seed sown in the spring of 1943 produced somewhat less, 
namely, 193 pounds from single rows, 177 pounds from double rows, 
and 360 pounds from the triple rows. 

Obviously, these computed amounts of seed produced must be dis- 
counted to allow for seed dispersed by wind and rain. 

Theoretical calculations of yield per acre based on collections from 
small samples or by determining the number of seed per seed head, 
the number of seed heads per plant, and the number of plants per 
acre are much higher than actual collections. The differences un- 
doubtedly reflect both inadequacy of the samples and relative ineffi- 
ciency of machine collection. 

The limited 1944 experience in connection with second-year seed 
collection and yields was disappointing in all areas. The season was 
late because of a cold, wet spring, and because of the termination of 
the program all work had to be discontinued before the production 
season was half over. June proved to be an exceptionally rainy and 
windy month and the picking machines could be operated only a 
portion of the time. Further, rain and wind dispersed the seed. 
Rain and wet ground prevented picking 3 days out of 15 at Moorhead 
and Crookston, Minn.; 4 days out of 11 at Saginaw, Mich.; and 5 
days out of 11 at Plainfield, Wis. Coster reports that June was the 
wettest at Missoula, Mont., since 1908. Here the machines could be 
used to pick only 9 days out of 22 and operation had to be suspended 
on some of the 9 days. 

In all of the fields except at Klamath Falls, Oreg., second-year 
kok-saghyz made luxuriant growth and sent up flower scapes to a 
height of 18 to 24 inches. At Klamath Falls second-year stands com- 
pared closely with the best fields of 1-year stands at Missoula and in 
the Red River Valley. . 

The seed-picking machine which was developed in 1943 lacked suit- 
able adjustment for height although it could be adjusted to some 
extent. Knutson (25p) reports that before the limited height adjust- 
ment was made the machine picked only 18 percent as much as was 
picked by hand and that after the machine had been raised as high 
as possible it picked 45 percent as much. 



112      MISC.   PUBLICATION   618,   U.  S.   DEPT.   OF  AGRICULTURE 

Milnes (29p) estimated that about 36 percent of the crop was har- 
vested during the short period of operation at Saginaw. His actual 
collection was 8 pounds per acre. 

Coster {7p) at Missoula recovered 19 pounds of clean seed per acre 
and calculated that it was about 40 percent of the seed produced 
during the period of collection. He estimated that if he had been 
able to collect seed throughout the entire period of production the 
collected yield would have amounted to 100 pounds per acre. 

Coster retained four rows across the field which was sown in 1942 
and carried through 1943 to the spring of 1944. In the third year 
this very thin stand had lost much of its vigor. The seed was hand- 
picked and yielded a calculated average of 8.33 pounds per acre. 
When this stand was 2 years old it averaged 115 pounds of seed per 
acre. 

At Klamath Palls, rain fell on 9 out of 17 days in June 1944, but 
the machine picker was operated at least a portion of the time on 13 
days. Although the stand was thought to be more or less of a failure 
in 1943 Dill (lOp) collected seed at the rate of 15 pounds per acre. 
He estimated that this collection was about one-third of the seed pro- 
duced during the period. The stand averaged only 2.2 plants per 
linear foot, and he figured that if there had been a full stand and col- 
lection had been made through the entire seed-production, period 
without interference by rain there would have been a yield of 200 
pounds per acre. 

Strong and Poehlman {41p) compared seed yields in Florida in 
1943-44 from plantings made with transplants, cuttings, and seed. 
Unfortunately their initial sowing was destroyed by cutworms and 
the plots were reseeded on December 28. An indicated yield of 22 
pounds of seed per acre was secured from the seeded area with seed 
collection confined to the period of March 18 to April 6. 

Transplants shipped to Florida from Minnesota, after having been 
held in cold storage for a short time, produced seed at the rate of 125 
pounds per acre. 

Material for cuttings was also shipped from Minnesota to Florida. 
Cuttings were made and planted directly without any attempt at 
callusing. Those planted between November 23 and December 6 
produced stands which .indicated a yield of 44.8 pounds of seed per 
acre while from those planted on December 23 the indicated yield 
was 32.6 pounds per acre. 

Use of the seed-collecting machines in 1943 presented additional 
problems. When the tray of the seed-picking machine has been filled 
it must be removed and the seed transferred to a container. The 
seed with the pappus attached is very light and considerable losses 
occur unless care is taken in the transfer process.    Coster (6p) made 
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large sacks which he slipped over the trays as they were pulled from 
the machine in the field. 

The machines collected flowers, buds, immature seed heads, flower 
scapes, and dead leaves. On peat fields dry peat particles were 
drawn into the machine, as were dry mineral soil particles on some 
other fields (fig. 21). 

FIGURE 21.—Front view of seed-collecting machine in operation at   ¡Sagmaw, 
Mich.    (Forest Service—F-427462.) 

Green (ISp), at Plainfield, Wis., found it necessary to rake and re- 
move dried weeds to prevent their being drawn into the machine. 
He endeavored to reduce further the collection of extraneous material 
by controlling the amount of suction. By closing the fan opening 
he also deflected the dust away from the machine operator. 

As noted, difficulty was encountered in 1943 because it was not 
possible to raise the seed pickers high enough to avoid collecting un- 
opened seed heads, flowers, and scapes. This made it necessary to 
empty the seed trays frequently and increased the task of separating 
the seed from the debris. In 1944, increasing the height of the seed- 
picking machines, together with moister soil conditions eliminated 
the earlier difficulty of picking up dry soil and peat particles. 
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Seed Threshing and Cleaning 

Russian papers on kok-sagbyz contain few references to the methods 
employed in threshing and cleaning seed although it is noted {2, 49) 
that collected seed heads must be thoroughly dried and then rubbed 
against a screen to remove the pappus. Cleaning and grading are 
done on a "proper machine," not further described. 

The 1942 experience in this country revealed that hand picking 
required much labor and that the seed heads had to be thoroughly 
dried and rubbed through a mesh screen before the seed was cleaned. 
In the drying process the seed heads had to be spread out thinly and 
stirred frequently to prevent molding. 

As a part of the seed threshing and cleaning operation, it is first 
necessary to remove the flowers, immature seed heads, green leaves, 
and flower scapes. This operation is usually done cither in the even- 
ing of the day of collection or the morning of the following day. Fail- 

>ure to remove this high moisture-holding or moisture-absorbing mater- 
ial from the seed increases the difficulty in separating the material 
and often in damage to the seed. Eemoval was accomplished by 
rubbing the mass of seed and debris over a 1-inch mesh chicken wire 
or K-inch mesh hardware cloth nailed to a frame (fig. 22). 

FIGUKE 22.—Working kok-saghyz through screen to separate seeds from pappus, 
stems, and other refuse.    (Forest Service—F-42693S.) 
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The next step in the operation is to rub the seed over a 12- or 14- 
mesh screen to break the seed away from the pappus (fig. 23). The 
seed is then cleaned and screened in a fanning mill. Under proper 
conditions the whole operation of threshing ançl cleaning kok-saghyz 
seed presents few problems. 

FIGURE 23.—Kok-saghyz   seed  showing  pappus   attached.    (Forest   Service— 
F-422437.) 

In Montana, in the summer of 1943, the humidity was generally 
low and there was usually a light breeze. It was possible to separate 
the seed from the trash and to break the pappus away from the seed 
in a single operation by rubbing the entire mass over a 14-mesh screen. 
The screen, nailed to a suitable frame, was set on sawhorses about 
waist high. There was usually just enough breeze to carry away the 
pappus but not enough to carry the seed from a canvas spread on the 
ground directly under the mesh screen. 

In the spring of 1944 conditions were much more humid, and it 
was necessary to thresh and clean the seed indoors. These two 
operations had to be separated.    After removal of the trash the seed 
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was cleaned in the fanning mill. When the operation was conducted 
indoors the air was filled with floating particles of pappus, forcing 
the workers to use respirators and goggles. 

In the Lake States the seed was never dry enough to separate from 
the pappus immediately after picking. It generally felt damp to the 
touch. The seed was separated from the trash on the morning of the 
day following picking; then, with the pappus attached, it had to be 
dried for a period of 7 to 10 days. After the warm period of the 
summer had passed heat had to be supplied to dry the seed. 

Here again, as at Missoula, dry particles of pappus floated through- 
out the drying and threshing rooms making it dangerous for workers 
without goggles and respirators. This condition was recognized as 
being not only hazardous to the health of the people working in the 
room but also dangerous from the standpoint of fire or dust explosion. 
After the first few days of operation the large room was partitioned 
into two parts and all cleaning and threshing was done in the smaller 
room where an exhaust fan was installed. 

Seed cleaning was done in standard cleaning mills of the clipper 
mill type, with various screen combinations and air pressures. The 
ease of cleaning kok-saghyz seed is determined by the amount and 
character of foreign material in the seed as it reaches the fanning mill. 

As a general rule, little or no seed of plants other than kok-saghyz 
was collected by the seed-picking machines, although Green (15p) 
reports that some weed seed, along with dry leaves and small peat 
particles, were picked up at Plainfield. In the process of removing 
the pappus, some of the dried leaves were broken into small pieces of 
about the same size and weight of the kok-saghyz seed. It was very 
difficult to remove this material. Even though the seed was run 
through the mill many times with minor adjustments, in the end there 
was still foreign material mixed with the seed. 

Knutson (ß4p) reports that dry mineral soil particles were picked 
up by the machines and that toward the end of the season some 
pigeon grass seed was collected. The soil particles were readily 
removed by the blower. A No. 16 screen was used with some success 
to separate the pigeongrass seed, but repeated cleanings were neces- 
sary and even then a few of the pigeon grass seeds remained. 

An attempt to perfect the seed-cleaning process was made by 
Kluender in cooperation with the A. T. Ferrell Company at Saginaw, 
Mich. The extraneous material was not separated from the seed 
until after the entire mass had been thoroughly dried. After being 
dried the material was rubbed through K-inch mesh hardware cloth, 
an attempt being made to avoid breaking the dried leaves, stems, etc. 
The seed with pappus attached and other fine material was then 
rubbed through 12-mesh wire cloth.    During the rubbing process the 
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workers wore leather gloves or used heavy short-bristled cleaning 
brushes, small block-rubber squeegees, or medium-sized whisk 
brooms.    The whisk brooms seemed to work best. 

The same difficulty with floating particles, pieces of pappus, etc. 
was reported here as elsewhere. A tight ventilator was built leading 
up to an exhaust fan in one of the windows of the building. This 
aided greatly in keeping the air within the building reasonably free of 
particles of dust and pappus. 

The use of a regular cottonseed hopper attached to the clipper mill 
to remove the pappus was reasonably successful at Saginaw. Else- 
where the cottonseed hopper did not appear to be usable as the 
materials seemed to "ball up," probably because of the moist con- 
ditions. Milnes (29p) reports that when the seed is dried thoroughly 
before cleaning the cottonseed hopper does a good job of removing the 
pappus. 

The greatest difficulty experienced in cleaning seed at Saginaw 
during the summer of 1943 was the removal of peat or muck particles 
which had been picked up by the machines. After cleaning with the 
ordinary fanning mill some of the seed bags, contained as much as 50 
percent soil, by volume. An attempt was made to remove this by 
rescreening, but further separation was not possible. There was also 
some concern as to what mechanical damage the continual recleaning 
might do to the seed. 

Through the cooperation of the Ferrell Company a laboratory model 
beet seed sorter was made available for testing the removal of soil 
particles from the seed. A beet seed sorter is essentially a revolving 
belt built on an incline and mounted on a supporting frame. The 
uncleaned seed is deposited on the moving belt near the top of the 
incline. Flat material (kok-saghyz seed) is carried over the top of the 
incline and the near-spherical particles of muck roll down and off the 
bottom of the belt. With this equipment approximately 60 percent 
of the extraneous material was removed from the lots of kok-saghyz 
seed. With some remodeling and development of a separating 
technique, practically all foreign material which could not be screened 
out could be removed with a machine of this type. 

A small-scale test was made of the possibility of removing soil 
particles by throwing the mixed muck and seed against an ordinary 
16-mesh wire screen. When the screen was held at the proper angle, 
the muck went through and the seed fell down the face of the screen. 

One of the most satisfactory methods of removing soil particles 
from the seed was the use of the clipper mill (28p) with a burlap 
screen substituted for the top screen. The uncleaned seed was run 
through the cottonseed hopper to obtain even distribution on the 
burlap.    As the seed worked down the vibrating screen it was brushed 
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with a whisk broom to work the soil particles through the burlap. 
Cleaning with the regular screens gave a purity ranging upward from 
58 percent depending upon the amount of soil picked up by the seed- 
picking machines. By passing the seed over the burlap screen the 
purity was increased to 93 to 97 percent by weight (fig. 24). 

Such seed cleaning as was done was on a very small scale with most 
of the operations performed by hand. Coster {6j)) had no difficulty 
in handling some 1,200 pounds of seed (clean weight) in 1943 under 
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FIGUEE 24.—Kok-saghyz seed after screening through burlap.    (Forest Service— 
F-427619.) 

Montana conditions, but in the spring of 1944 with more humid con- 
ditions he was impressed with the drying space required. Knutsen 
{Ë^ji) likewise had no difficulty in handling some 1,000 pounds of seed 
in Minnesota oven though it was necessary to air-dry the seed and to 
heat the building with two large air circulation furnaces. In any large 
scale program hand methods would bog down and it would be neces- 
sary to mechanize the entire process. 

Seed Storage 

Little is known about the storage requirements of kok-saghyz seed 
or how long it will retain viability under different methods of storage. 
A review of the translations of Russian studies available in 1943 re- 
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vealed only the single statement that seed should not have a moisture 
content of more than 12 percent when placed in storage {49). This 
was interpreted to mean that unless the seed is stored under dry con- 
ditions it must be placed in airtight sealed containers after being dried 
to less than 12-percent moisture content. 

Nothing is known about how the Russian seed received in May 1942 
was handled before it arrived in this country. It must, however, have 
been collected in 1941 or earlier and hence would have been at least 2 
years old in the spring of 1943. Storage conditions at Beltsville, 
Md., where it was held from the -time of its receipt in 1942 until it 
was shipped to the field in 1943, were poor and the seed was subject to 
wide ranges of temperature. 

Germination tests made in the spring of 1943 indicated that a con- 
siderable portion of the seed received from Russia was of rather low 
viability and that a larger proportion germinated abnormally. By 
the summer and fall of 1943 much of the seed not planted in the spring 
had deteriorated to a point where it was practically worthless. 

When Dr. P. S. Makeev, Vice Commissar for Rubber in the 
U. S. S. R. visited the Minnesota plantings in May 1943, he stated 
that in Russia no particular attention was paid to problems of seetl 
storage. He indicated that, after cleaning, the seed was simply placed 
in sacks and suspended from rafters in a granary, a method which 
may be satisfactory where the seed is gathered one year and sown the 
next. 

Roe {34v) made a preliminary test of storage methods. Some dry 
seed of Russian origin, supposedly 1941, which had been stored un- 
sealed at room temperature, was dried to 9.3 percent moisture content 
and placed in a sealed jar at 41° F. in May 1942 for comparison with 
another lot kept at room temperature. Germination tests were made 
in April and September 1943 of the lot stored at room temperature 
and in September of that seed stored in sealed containers. 

In July 1942 the original seed lots showed an actual germination 
of 82 percent with no abnormal seedlings and a potential germination 
of 92 percent. Potential germination is the actual germination plus 
the number of sound hard seeds which were ungerminated at the end 
of the tests. 

In April 1943 tests of the seed held unsealed at room temperature 
showed an actual germination of 45 percent with 19 percent additional 
abnormal seedlings.    There were no sound hard seeds remaining. 

By September 1943 viability of this same seed had dropped to 13 
percent actual germination plus 26 percent abnormal germination. 
The September 1943 tests of the sealed seed showed actual germination 
of 88 percent with one percent abnormal.    Cold storage presumably 
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prepared for germination some of the hard seeds reported in the July 
1942 tests. 

All of the Kussian seed which had a low viability and a relatively 
high percentage of abnormal germination was destroyed in June 1944. 

March 1945 and 1946 tests of 1- and 2-year-old American grown 
seed stored in sealed containers under cool conditions gave 80 to 90 
percent germination. 

Roe draws the conclusion that kok-saghyz seed should be dried to 
about 9 percent moisture content, placed in sealed containers, and 
kept in storage at a temperature of about 40° F. 

ROOT    CHARACTERISTICS,    ROOT    DEVELOPMENT,    AND 
ROOT  HARVESTING 

Form, Size, and Composition of Roots 

Duff, Lehmann, Handy, and Bannan (lip), working under the 
auspices of the National Research Council of Canada, made a study 
of the size, form, and composition of individual kok-saghyz roots. 
Their data from three test plots indicate maximum fresh root weight 
of between 30.5 and 44.5 grams at the end of one season's growth. 
Minimum weights range from 2.5 to 4.0 grams and average weights 
from 14.5 to 16.4 grams. An even greater range of root weights 
was found in some of the larger plantations in this county. 

The indications are that heredity, soil characteristics, and cul- 
tivation practices all influence the amount of branching of the roots. 
It is probable that branched roots are more desirable, because rela- 
tively more of such roots are recoverable in the harvesting operation 
and because there are indications of a concentration of a higher 
proportion of the rubber within the apical segments of the roots 
(fig. 25). 

In the Canadian samples, dry matter made up between 26.1 and 
27.4 percent of the total root weight. There is, of course, some 
variation in moisture control under different growing conditions and 
in roots harvested at different times. Second year roots sampled at 
Plainfield, Wis., on May 3, 1944, had an average moisture content of 
86 percent. At Miles City, Mont., moisture content of second-year 
roots in April 1944 was reported as 81.3 percent and in June, 69 
percent. There had been no spring irrigation of this stand but rainfall 
was considered to be adequate. 

Some puzzling questions developed iii connection with the calculated 
root yields based on samplings in the spring of the second year. An 
effort was made to compare the root weight per acre in early spring 
with the calculated weight during late October of the previous year 
but  figures  permitting  accurate  comparisons  were  not  obtained. 
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FIGURE 25.—Kok-saghyz roots showing various degrees of branching.    (Bureau 
of Agricultural and Industrial Chemistry.) 

There arc indications of great fluctuations of root weight between late 
fall and time of flowering the next spring. Such fluctuations are, of 
course, the result of utilization of stored materials and the relation 
of this factor to renewed growth in the spring. 

Knutson {25^) made a study of average root weights of second- 
season plants in the Red River Valley of Minnesota through the 
spring growing season. The first weights were obtained just as the 
plants were starting growth in the spring of 1944, the second at the 
time of maximum top growth before flowering, the third, at time of 
maximum flowering, and the fourth, during period of maximum seed 
production. The average weights for these 4 periods were 10.94, 
7.69, 6.71, and 9.53 grams, respectively. 

Russian investigators paid considerable attention to the carbo- 
hydrate content of kok-saghyz roots and discovered that fermentable 
carbohydrates are present in largo enough amounts to suggest that 
their utilization for alcohol productions might be feasible. 

Krotkov {21) reports that changes in the water-soluble poly- 
saccharide of kok-saghyz roots, which Russian workers describe as 
inulin, have received considerable attention. In mature roots he 
notes that the reducing sugars are low compared with inulin {17, 57). 
The absolute amount of inulin in 1-year-old roots was found to increase 
continually throughout the whole growing season, the bulk of it being 
formed after flowering {17, 45, 4-6). On the other hand, the highest 
percentage of inulin, both for 1- and for 2-year-old roots, has been 
reported at the time of flowering, and it declines somewhat toward 
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the end of the growing season {23). In Taraxacum officinale the 
highest percentage of inulin has been reported to occur late in the 
fall (26). 

Blokhintseva (7) tried, by microchemical methods, to locate reduc- 
ing sugars, inulin, and rubber in 1-year-old kok-saghyz plants which 
were in various stages of development. In leaves, reducing sugars 
were found only after flower-bud formation. In roots, sugars and 
inulin were observed for the first time at the time of flower-bud forma- 
tion. At this stage both sugars and inulin were present inside the root 
parenchyma cells. Sugars were particularly abundant around the 
latex tubes, while inulin was spread throughout the whole phloem. 
At flowering, large amounts of sugars appeared inside the latex tubes, 
while inulin was seen to be localized in rings around the latex tubes. 

Blokhintseva {9) found that by the middle of October kok-saghyz 
roots contained both inulin and sugars inside the parenchyma cells 
of both phloem and xylem. After storage for 2 months there was 
practically complete disappearance of inulin and considerable accu- 
mulation of both monosaccharide and disaccharide sugars. 

A study made by Lewis and Tatman (87p) indicates a drop in the 
water-soluble constituents of the roots during the spring growing 
season. After the height of seed production has passed, the roots 
again store a large quantity of these substances. 

Rubber Formation 

Rubber in kok-saghyz is found in latex which is produced and 
stored in latex tubes. Krotkov (21) in summarizing the Russian 
findings says that no latex tubes are found in any part of an unger- 
minated seed (7, 58). Tubes begin to differentiate as soon as water 
is absorbed during germination, the first of the primary latex tubes 
appearing in the pholem (4, 58). Secondary latex tubes are differ- 
entiated close to the cambium (56). 

Latex tubes are produced by fusion of several cells (4, 7, 58)9 and 
are living structures containing cytoplasm and nuclei (5, 10). 

Latex tubes of the same ring are joined at various levels but there 
are no connections between tubes of different rings (4, 56, 58) (fig. 26). 
It has been suggested (44) that all the latex tubes of a kok-saghyz 
plant form a single continuous system, with the tubes of the leaves 
joining those of the roots in the crown region. 

Krotkov notes that practically all latex tubes of a mature root 
are formed and attain their maximum diameter before the peak of 
flowering is reached (46} 56). At flowering the rubber-holding sys- 
tem of a kok-saghyz plant has attained its maximum capacity for 
the season.    On the other hand, the greatest increase in diameter 



RUSSIAN  DANDELION 

726607—47—9 



124       MISC.   PUBLICATION   618,   U.   S.   DEPT.   OF   AGRICULTURE 

of a root as a whole occurs later, after the peak of flowering, and is 
caused mainly by enlargement of the phloem parenchyma cells. 
Krotkov points out that as a consequence of this early development 
of its latex tube system and later growth of the root as a whole there 
occurs after flowering a decrease in the number of latex tubes per 

. unit area of the root. Since, at the same time, there also is an 
increase and not a decrease in the percentage of rubber in the whole 
root, it has been concluded that a considerable simultaneous increase 
in the concentration of rubber within the latex tubes must take 
place at this time (4^, 56). 

Filippov {15) tried to correlate the diameter of a root with the 
percentage of rubber in it and found the percentage inversely pro- 
portional to the diameter. He explained this as being due to the 
lower number of latex tubes per unit of root area observed in roots 
of larger size. 

A definite gradient in both the number and in the average diam- 
eters of latex tubes in a kok-saghyz root has been described {52, 53). 
The smallest diameter tubes and the smallest number of tubes per 
area of root section are near the crown. 

According to Mynbaev {38), in the first year of growth the per- 
centage of rubber increases until late in the fall, then there is a slight 
decrease. As a rule the rubber content of roots in the second year 
of growth is higher than in the first year, while in the third year the 
percentage goes down. 

Mashtakov {31) followed qualitative and quantitative changes 
both in the rubber and in the resins of 1- and 2-year-old roots in 
various stages of development and found continuous accumulation of 
rubber and a decrease in resin content during the whole period of 
vegetative growth in the first year. The same was true for the rubber 
and resins produced in the new tissues formed in the second year of 
growth. On the other hand, in the second year of growth the absolute 
amount of rubber in the "glove" remained fairly constant until the 
peak of seed formation had been reached, when it declined as a 
result of the sloughing-off process. The percentage of rubber in the 
"glove" had been, however, continuously increasing until the "glove" 
was sloughed off, an increase attributed to the loss of dry matter in 
the "glove" itself {30, 31). 

The sum of changes in the new tissues produced in the second 
year of growth, together with changes taking place in the "glove," 
determines the seasonal variation in the rubber content of the whole 
kok-saghyz root during the second year of its growth. According to 
this worker {29, 30, 31), the viscosity, molecular weight, and degree 
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of polymerization of rubber continuously increase during the normal 
life of both 1- and 2-year-old roots. He states that depolymerization 
and quantitative decrease in the amount of rubber takes place only in 
the dying tissues, or in the ''glove." With progress of the season both 
the absolute and relative amounts of resin decrease. 

According to Krotkov, Blokhintseva determined the refractive 
index of the rubber granules inside kok-saghyz latex tubes and found 
that in younger plants and in those latex tubes which were closer to 
the cambium, and consequently younger, the index was higher (6). 
She suggested that a higher index is due to an admixture of resins, 
which, in the earlier stages of development, are present in larger 
amounts. 

Krotkov (21) discusses the question of rubber synthesis, noting 
that as to the place of rubber synthesis in a plant there exist two 
different opinions. According to one, rubber is produced in the meso- 
phyll of a leaf and is transported as such to other parts. The latex 
system is, therefore, simply a translocation system. According to 
the second, rubber is produced not in the mesophyll of a leaf but 
within the latex tubes, probably from some carbohydrates. The 
latex system functions, then, both as a means of rubber translocation 
and as the place of its synthesis. 

Obviously, the question of synthesis of rubber in a plant is closely 
connected with that of its role. It has been suggested that rubber has 
a protective role, is a reserve substance, or is a waste product. Actually 
its part in the life of plants is unknown. 

Several investigations of general problems relating to latex and 
rubber formation were undertaken in connection with the kok-saghyz 
project and have been reported elsewhere. 

A few of the more adequate reviews of the subject of latex and 
rubber formation in plants have been included in the bibliography as 
being of related interest.   The most recent is that by Moyer (37). 

The relation of root forms to rubber content and the distribution 
of rubber within different types of roots was the subject of a prelimi- 
nary study by Forward and Duff (lip). Their results indicate that 
while there is considerable variation in the amount of rubber in 
different parts of the root there is, in general, a higher concentration 
of rubber in the region just below the crown and the region approach- 
ing the tip of the root, and less rubber in the middle section of the 
root (fig. 27). 

Experience of several investigators indicates that generally, greater 
amounts of rubber are found in much branched roots than in taproots 
of equal weight. 
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FIGURE 27.—Diagram showing percentage of rubber in various parts of kok- 
saghyz roots.    (From Forward and Duflf.) 

Time of Harvest 

Russian investigators suggest that kok-saghyz roots be harvested 
either in the fall after a single season's growth or in the spring of the 
second year. They recommend that harvesting of the first year roots 
be done as late as possible but early enough to avoid heavy fall rains 
or frozen ground. According to the articles available, harvesting in 
the second year should be done just after the peak of the flowering 
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period,  and  before  the  "glove"  of  accumulated  rubber has  been 
sloughed off. 

Time of harvest is influenced by many factors including climatic 
conditions, economic considerations, demands of the extraction plant, 
availability of labor, and whether or not a seed crop is desired. Con- 
sideration must be given to these factors, balanced against the accumu- 
lation of rubber in the roots. 

All the evidence indicates that accumulation of rubber begins in 
the young seedling plants but progresses slowly throughout the first 
months of growth, to be accelerated during the latter part of the first 
growing season. The accelerated production period seems to coin- 
cide with the onset of cooler weather and the renewal of growth after 
the period of so-called summer dormancy. 

The purpose of postponing harvesting in the first season until the 
latest possible date is to obtain roots of the highest rubber content. 
There is a suggestion in the data of Knutson and Zehngraff (25$, 
tt>V, 46P) tliat rubber accumulation continues in the fall after the 
time when harvesting is feasible. 

In the spring, new latex vessels are formed by secondary growth. 
In these already-established plants, rubber accumulation is much 
more rapid and takes place much earlier than in first-year plants. 
At the same time that new rubber is being accumulated, the previous 
year's latex system, with its accumulation of rubber, is pushed to the 
periphery of the root where disintegration of the tissues which hold 
the rubber takes place. 

Timing of the harvest operation in the second year should be such 
as to take maximum advantage of new rubber formation and still 
recover the previous year's accumulation of rubber. Too early har- 
vesting will not recover a high enough proportion of this newly formed 
rubber. Harvesting too late will result in the loss of the previous 
year's accumulation. When disintegration of the old tissues is com- 
plete the rubber in the "glove" is separated from the root and is not 
recoverable. Whether this rubber actually disintegrates has not 
been demonstrated but it is not recoverable by mechanical harvesting 
methods. 

All the experience in this country supports the Kussian contention 
that the optimum time for second year harvesting operations, is the 
period immediately following the first peak of flowering. However, 
further study of this problem is necessary, for it is now recognized 
that strains of kok-saghyz differ considerably in their flowering habits. 

While it is generally thought that harvesting should be done either 
at the end of the first season or in the spring of the second season, 
there is not yet sufficient available information to suggest definitely 
that still later harvest might not be economical. 
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In the fall of 1943, harvesting was delayed as long as was thought, 
on the basis of local experience, to be safe. Approximately 190 tons 
of roots, green weight, were harvested before cold weather and rain 
brought operations to a close. Koots were harvested in the Ked 
River Valley of Minnesota between October 23 and November 10; 
at Missoula, Mont., between October 19 and November 5; and at 
Saginaw, Mich., between October 12 and November 12. 

In the spring of 1944, roots were harvested in the Red River Valley 
between April 13 and 20 and again between May 20 and 26, and at 
Missoula, Mont., between April 12 and 20 and again between June 15 
and 22. 

Roots from plantings made in the fall of 1943 at Belle Glade, Fla., 
were harvested in April 1944. 

Method of Harvest 

Milner (36) explains that the harvesting of kok-saghyz roots in 
Russia is done with sugar-beet lifting equipment and points out that 
such equipment is adapted to use on kok-saghyz but does not say 
what modifications are made. Apparently few efforts were made by 
the Russians to mechanize root-harvest operations, partly because of 
a general lack of mechanized equipment and partly because an abun- 
dance of labor existed. Hand digging and lifting and simple plowing- 
out of roots were used in many of their plantings. 

It was obvious from the beginning that in this country mechaniza- 
tion of the root-harvesting operation would be necessary. 

In harvesting kok-saghyz roots the problem is to recover the maxi- 
mum amount of root with the minimum of breakage or bruising. 
The branched roots of kok-saghyz are much more difficult to handle 
than the compact modified root structures of most cultivated root 
crops. The distribution of rubber in kok-saghyz roots is such as to 
demand recovery of a major part of the lower sections of the root. 
Such recovery has to be accomplished without excessive damage to 
the roots because wherever a root is broken or bruised, latex is exuded. 
While most of the exuded latex may stick to the root in the form of 
a scab, it picks up particles of soil and other debris which complicate 
the purification of the rubber in the extraction processes. 

In the fall of 1942, attempts were made to use standard potato 
diggers for harvesting the kok-saghyz roots on the light sandy soils 
in the Forest Service nurseries of the Lake States. It was apparent 
from the preliminary trials that none of the models available would 
work satisfactorily without extensive modification. Inasmuch as it 
was late in the season and roots were in demand for testing, they were 
simply plowed out and picked up by hand.    Harvesting in Montana 
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was done with a sugar-beet lifter which, according to Coster {S-p), did 
a reasonably good job of lifting the roots from the first 9 inches of soil. 

In 1943, when a large acreage was planned and attempts were made 
to introduce standardized spacings, planting densities, and cultural 
methods, the need for mechanical harvesting became acute. The 
1942 experience had suggested the possibility of effectively modifying 
potato diggers and sugar-beet lifters and had emphasized the various 
steps in the harvesting operation. 

In hand harvesting in Russia the tops are cut from the plants 
individually, an operation which requires much hand labor. In the 
1942 harvest in this country topping seemed to be the largest user of 
hand labor and it was soon found that this operation could be speeded 
up with an ordinary garden hoe. Later a scuffle hoe was modified to 
speed up this hand operation. 

Believing that mechanized topping was relatively simple, 1943 
efforts were confined to the development of a digging and lifting 
machine. Starting with a power-driven potato digger, Eamp {32p, 
33p) developed a machine, pulled by a tractor and designed to handle 
two rows spaced 16 inches apart. A satisfactory trial was conducted 
in the light sandy soil at the Cass Lake Nursery, Minn. (fig. 28). A 
cart with a K-inch mesh hardware cloth floor was pulled behind the 
digger to catch the roots. In the absence of a satisfactory mechanical 
topper, a scuffle hoe was used and since the Eastern Regional Research 

FIGURE 28.—Modified potato digger harvesting kok-saghyz roots on sandy soil. 
(Forest Service—F-427696.) 
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Laboratory requested that shipments of roots be kept free of top 
material, tops were raked off the field before the roots were harvested. 

Based on preliminary trials early in 1943 at Cass Lake, modifications 
of this power digger were made to adapt it to the heavier soils on which 
most of the kok-saghyz was being grown. The digging nose was 
reduced to handle only one row at a time and was built in the form of 
a trough. 

This modified machine was tried out in October 1943 on the heavy 
wet silt loam soils at Crookston, Minn., but did not work effectively. 
It was then moved to the drier, somewhat lighter, soils at Moorhead 
where it worked more effectively although difficulty was experienced 
when it was set to the full digging depth. There was also some diffi- 
culty in keeping the nose centered on the row. 

In operation this modified power-driven potato digger was set to 
cut the kok-saghyz roots and elevate to the conveyor shaker screen 
as much earth as could be mo^ed with the available tractor power 
(fig. 29). The cross section of the earth moved was about 8 or 9 inches 
wide by 9 or 10 inches deep. The soil and roots were conveyed over 
a shaker screen which was designed to separate the roots and deliver 
them to the side of the harvested row. 

Topping has as its purpose the removal of the leafy portions of the 
plant to prevent their inclusion with the harvested roots.    There 

FIGTIKE 29.—Side view of tractor-drawn, power-driven modified potato digger 
showing digging nose and conveyor chain.    (Forest Service—F-427693.) 
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are several objections to inclusion of top portions of the plant. The 
leaves and flower stalks contain relatively high concentrations of 
pectic substances the presence of which complicates rubber extraction. 
They may also contain considerable quantities of very low quality 
rubber, an objectionable contaminant. 

By the time harvesting operations were ready to start in October 
1943, Ramp had built two typos of topping machines (32p). One was 
a motor-propelled rotary mower. Topping at or just under the sur- 
face of the ground was desirable, but it was not possible to cut the 
tops at the desired level, about )i inch above the crown, with this 
machine. The other topper was of a sliding-knife type açd while it 
was possible to top the plants at the proper level with this machine, 
the operation was slow and it was difficult to keep the blade sharp. 

In the meantime, Knutson {24p) had developed the use of cultivator 
weeding-knives for topping. He found that the tractor operator 
could raise or lower the weeding knife and do a satisfactory job with 
this device. He then mounted a "shoe" to run on top of the ground 
to keep the knife from going too deep and a compression spring to 
hold the knife down, thus increasing the speed and efficiency of the 
job. He later mounted four sets of knives on a cultivator bar on the 
tracLor permitting the topping of four rows at one time (fig. 30). 

FIGURE 30.—Cultivator    blades    adapted    for    topping    kok-saghyz.    (Forest 
Service—F-427687.) 
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This arrangement did not work so well on uneven ground since one 
or more sets of knives either floated above ground or cut too deeply. 
This topping device left the tops in place, however, and thus facilitated 
location of the row for the root-harvesting operation. 

Because of the failure of the modified potato digger to work satis- 
factorily in heavy soils, Knutson, at Moorhead, constructed a modi- 
fied sugar-beet lifter which was run under the rows to loosen the soil 
and raise the roots. The roots were then gathered by hand. This 
operation was slow and expensive but it recovered over 90 percent 
of the roots as compared with 50 to 60 percent recovery with the 
potato digger. Many of the roots were cut off at less than 8 inches 
below the surface, thus resulting in a heavy loss of rubber. 

At Plainfield, Wis., on peat, a potato digger mounted on a three- 
wheeled rubber-tired farm-type tractor was equipped with a special 
digging nose similar to the one used at Moorhead. It did a reason- 
ably good job and was used for lifting approximately 13 acres. 

At Saginaw, Mich., it was necessary to start the harvesting opera- 
tions without the especially modified potato digger. After trying out 
several light potato diggers, the roots were plowed out and picked up 
by hand. 

On all fields it was possible to dig only one row at a time with the 
modified potato digger, and the roots from that row had to be picked 
up by hand before the adjoining row could be harvested. In order to 
obviate the delay made necessary by hand picking the roots, fields 
were laid out in "lands" so that the tractor and digger could make 
several round trips before having to start back on the row adjacent 
to the one first dug. 

During the winter of 1943-44 an attempt was made to develop a 
digger without the undesirable characteristics found in the tractor- 
drawn potato digger and the modified sugar-beet lifter. To this end 
Ramp constructed a digger mounted below the frame of a farm-type 
tractor (33p) (figs. 31 and 32). 

Following the operation of the tractor-drawn potato digger, Green 
(15p) found that 11.4 percent of the roots lifted were buried with soil 
and therefore not readily recovered. 

To determine the proportion of the individual roots recovered, 
Green compared recovery with the potato digger with hand digging 
to a depth of 18 inches. His data show that the mechanically 
recovered portion of the roots amounted to 76.5 percent of the total 
amount of root to the 18-incli level. To relate these figures to rubber 
recovery, assays were made. Based on dry weight, the top parts 
showed 4.15 percent rubber, while the 9- to 18-inch parts not recovered 
with this equipment showed 5.62 percent rubber. In terms of rubber 
yield, the roots harvested contained 73 percent of the total available 
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FIGURE 31.—Front view of kok-saghyz digger mounted under the frame of a 
farm-type tractor.    (Forest Service—F-429928.) 

FIGURE 32.—Rear view of digger shown in figure 31.   (Forest Service—F-429926.) 
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rubber, the roots dug but lost in the harvesting operation, 11 percent, 
and the 9- to 18-inch portion of the root, which could not be dug 
with this equipment and perhaps cannot be recovered at all, contained 
16 percent of the total rubber. 

On most soils it would be undesirable to attempt to recover roots 
below the 8- to 10-inch level even though equipment and power were 
available to do so. Digging below this level would usually turn up 
such a quantity of subsoil as to seriously affect the productive capac- 
ity of the land. 

Roots were picked up in hampers or boxes and dumped on screen 
trays to facilitate hauling to a central location. This method was 
used on all fields except at Saginaw, Mich., where the roots were 
hauled directly from the field to the root-washing machine. There- 
after, they were stored in shallow pits and temporarily covered with 
sugar-beet tops until shipped. The weather was cool and there was 
no loss in the stored roots. 

While a thoroughly satisfactory solution of the root harvesting 
problem was not worked out during 1943 or 1944 enough progress was 
made to indicate clearly that no serious difficulties are to be antici- 
pated in developing adequate methods for digging and lifting the roots. 

ROOT HANDLING 
Washing and Drying 

It was found that under certain conditions washing of the roots was 
necessary. A root washer modeled after standard vegetable washers 
was developed at Saginaw, Mich. (28p). This washer consisted of a 
section of corrugated iron culvert pipe mounted on rollers and set at a 
slight slope in a frame. Holes one-half inch in diameter were drilled 
in every other ridge of the pipe to allow drainage of water and soil. 
A spray pipe was inserted a short way into the cylinder near the 
upper end. Koots placed in the upper end of the cylinder gradually 
worked down the slope as the cylinder was rotated. By the time the 
roots reached the lower end they were clean. This machine worked 
very satisfactorily. 

Knutson (&£p) found that chunks of loam and silt loam adhering 
to the roots interfered considerably with root drying and he recom- 
mended that all roots be washed immediately after lifting while the 
adhering soil is quite loose. Handling unwashed dried roots is a 
dusty job, particularly roots grown on peat soil. When the Plainfield, 
Wis., roots were being packaged for shipment the drying room was 
filled with fine floating particles of peat and respirators were required. 

Whether washing of the roots would be a requirement of any kok- 
saghyz production program has not yet been determined although the 
procedure is recommended by Eskew (14p)- 
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The handling of the roots after harvest will depend upon whether 
they are to be milled immediately or stored for future milling in a 
year-round operation, and the nature of the shipping problem. 

Where roots are not to be milled immediately, the Russians recom- 
mend drying the roots at temperatures of less than 140° F. to a 
moisture content of approximately 30 percent and caution against 
drying them in direct sunlight. 

Roots were dug at Cass Lake, Minn., in early May 1943 for an 
experimental drying test. McQueen {27p) reports that the roots 
dried satisfactorily in the open air in 10 to 12 days. Satisfactory 
drying was also obtained in a building which had good air circulation 
even though there was some precipitation on several days during the 
drying period. Later, time tests were also made of drying roots in a 
thermostatically controlled drying kiln. When the kiln was only 
partially filled, it required 22 hours at a temperature of 130° F. to 
dry the roots. When the kiln was filled to capacity, it required more 
than 4 days to complete the drying job. 

McQueen's studies show that the weight of a cubic foot of uncom- 
pressed fresh green roots of the second-year crop at Cass Lake averaged 
16 pounds. In the process of drying the roots lost an average of 
26 percent of their volume and their weight was reduced to an average 
of 6.1 pounds per cubic foot. A cubic foot of dry roots* compressed 
slightly averaged 8.3 pounds. 

One Russian investigator, Tikhov {61), indicates considerable 
difficulty in air drying roots in the fall because of cool or rainy periods. 
The Cultivation of Kok-saghyz {^9) suggests drying be done under a 
roof, in layers 10 centimeters thick (approximately 2K inches) and 
recommends that the drying roots be stirred often to prevent heating: 

In the fall of 1943 plans were made to partially dry the roots in the 
open air and to complete the drying under shelter, using heat if 
necessary. 

In Crookston, Minn., racks of 4-foot shelves floored with one-half- 
inch mesh hardware cloth were constructed within a building. Roots 
were piled about 6 inches deep on the shelves, which were stacked 
6 shelves high. Racks were built 3 to 4 feet apart to facilitate turning 
the roots. Approximately 45 tons of green roots were dried in this 
manner. The operation required about 5,000 square feet of floor 
space. 

During the early part of the drying season when only a relatively 
few roots were in the building drying progressed satisfactorily. When 
the building was filled with fresh green roots the atmosphere became 
saturated with moisture. This increase in relative moisture content 
of the air was also traceable in part to changes in weather conditions. 
When artificial heat was provided conditions favored the growth of 
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molds and rots.    Fans were used to circulate and exhaust the moisture- 
laden air. 

In Moorhead, Minn., approximately 15^ tons of roots were dried 
in a seed-corn drier. This seed-corn drier was a two-story building 
with a large hot air furnace which circulated heat upward through 
numerous openings in the upper floor. This system of drying worked 
satisfactorily with corn but the kok-saghyz roots fitted together more 
closely and there were not sufficient openings for the hot air to pass 
through the masses of roots. The roots were stacked 18 inches deep 
and were turned over with forks every 24 hours. They remained in 
the drier for 6 days and 5 hours, a length of time involving excessive 
costs. 

At Saginaw, Mich., drying was done in a building equipped with a 
hot air heater. Partitions were removed so that a drying rack approx- 
imately 30 feet long was centered over the furnace. The roots im- 
mediately above the furnace dried rapidly but air circulation was not 
sufficient to carry the warm dry air to the two ends of the rack. How- 
ever, after electric fans were installed to distribute the hot air, drying 
was quite uniform. 

While it is probable that harvesting and processing schedules could 
be arranged so that drying of the whole crop would not be necessary 
further attention to this phase of the work is essential; for it is likely 
that under any system some of the roots will have to be dried prior to 
later milling. 

Storage 

There are two different storage problems with kok-saghyz roots: 
short-term storage to accumulate fresh roots for immediate milling, 
and storage of roots to provide for year-round operation of extraction 
plants. 

Ignat'ev, Uzina, and Erofeevr (16) and Neuman and DobrovoFskaia 
(42) have reported on extensive tests of different methods of storage 
and their effects upon roots and rubber and carbohydrate content. 
Fresh roots were stored outdoors in shallow pits and covered with 
burlap, straw, or other material. Roots were also stored in bags and 
protected against rain but not against temperature changes. Labora- 
tory tests were made of the effects of various conditions upon small 
lots of roots. 

Their general conclusions were that undried roots can be stored for a 
period of about 6 months following their harvest in October. Roots 
will withstand temperatures down to —12° F. without damage. Pit 
storage is satisfactory if the pits remain dry. Neuman and Dobro- 
vol'skaia suggest that there is actually an accumulation of rubber during 
such storage but point out that there is a sharp decline in the carbo- 
hydrates during this period. 
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It was planned that in 1943 the pilot extraction mill located at the 
Eastern Regional Research Laboratory, Bureau of Agricultural and 
Industrial Chemistry, Philadelphia, Pa., would begin operations at 
the time of fall harvest. However, difficulties in obtaining materials 
delayed completion of the mill until early spring 1944. 

This fact made it necessary to study both the methods of storing 
fresh roots and methods for drying roots to condition them for longer 
storage. One lot of roots was shipped to the pilot plant without dry- 
ing. After a considerable period of exposure without any attempt to 
protect the roots from changes in temperature and moisture and before 
they could be milled, they rotted badly. Handling was difficult and 
most unpleasant. 

No experiments in holding freshly harvested roots under controlled 
temperature and moisture conditions were carried out. 

Estimates of the magnitude of the storage operation are included 
in the report of the Eastern Regional Research Laboratory {Up). 

Shipping 

A cubic foot of fresh roots weighs from 16 to 20 pounds with an 
average of about 18 pounds. A ton of fresh roots would occupy about 
110 cubic feet of space. In drying, the volume shrinks about one 
third and the space requirement is reduced to about 70 cubic feet. 
A cubic foot of dried roots averages about 8 pounds in weight. 

The average 40-foot box car holds about 8 tons of loose dried roots 
but minimum carload freight rates for agricultural commodities 
require payments on from 10 to 15 tons. Therefore, some baling 
process to reduce the space required per ton and to increase the weight 
per cubic foot was thought desirable. Baling should be done in such a 
way as to hold breakage of the brittle dried roots to a minimum. 

In baling experiments two types of bales were built up, one using 
hardware cloth as the outside container, the other, burlap. Six 
cubic feet of loose roots were compressed into 4.12 cubic feet in the 
wire-cloth bale. Ten cubic feet of loose roots were compressed to 4.68 
cubic feet in the bale having burlap as the cover. After 10 days, 
sample bales were opened and inspected. Roots in the wire-cloth 
bale were in good condition with but little breakage. Roots in the 
burlap bale showed but little breakage but did show some mold. 
When shipped to the pilot plant, a wire-cloth bale arrived in perfect 
condition while burlap bale became loose. 

At Saginaw, Mich., a test was made using the Economy Baler. As 
the roots came from the drier they were rather brittle but baling was 
accomplished with a minimum of breakage. However, after the bales 
had stood several days the tie-wires became loose and it was apparent 
that such bales would not ship without damage except possibly in car- 
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load lots where handling would be much less. The weight of the bales 
had increased about 4 percent and on opening them it was found that 
the roots had lost their brittleness, apparently having resorbed 
moisture from the atmosphere. These roots were again baled tightly 
and while the wires loosened a little during storage, they remained 
tight enough for handling. 

Knutson (Z^v) reports an interesting study of volume and weight 
changes in roots in the process of coming to a moisture equilibrium 
after drying. Ten samples of dried roots of 1 cubic foot each were 
weighed and moisture content determined. After exposure to atmos- 
pheric moisture conditions for 18 days the average weight increased 
3.7 percent while the volume decreased 35 percent. 

Knutson had noticed an unequal response of the roots in reaching 
moisture equilibrium and felt that the initial moisture content of the 
dried roots had something to do with it. He repeated the experiment 
using only the drier roots. His conclusion was that roots with an 
original moisture content of 15 percent or less resorbed moisture more 
slowly than roots which originally had a higher moisture content. In 
the latter study, two of the samples actually lost weight after exposure 
to atmospheric conditions, but all of the samples shrank in packaged 
volume. 

Inasmuch as there were insufficient dried roots to form a carload, 
either loose or baled, at Plainfield, Wis., and since burlap was ex- 
tremely difficult to purchase, the dried roots at this point were simply 
sacked for shipment, using second-hand burlap sacks. 

EXTRACTION METHODS 

Rubber 

Kogan (18) gives a review of the Russian work up to 1939 on the 
extraction of rubber from kok-saghyz to which the Russians had paid 
considerable attention.    They had also developed suitable equipment. 

Consideration was given to the suggestion of Russian investigators 
that sugar-beet milling equipment be used in the off-season for extract- 
ing rubber from kok-saghyz. However, numerous factors dictated 
design and construction of a new mill of a different type. 

When studies were started at the Eastern Regional Research Lab- 
oratory (Up) on the development of a process for recovering rubber, 
only fragmentary information was available on the process used in 
Russia. It was reported that the Russians had done some work on 
extracting latex from the roots, but their yields were quite low. A few 
preliminary experiments showed a great many difficulties inherent in 
such a process and furthermore a method which could be used on dry 
as well as fresh roots was desirable. 
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The Russians were supposed also to have used a process based 
upon chopping the dried roots and boiling them in dilute caustic to 
destroy plant tissues. The fine particles of rubber so released were 
then separated by repeated centrifugal and gravity sedimentations. 
Since treatment with caustic tends to impair the quality of rubber and 
since the centrifugal sedimentation equipment is elaborate and ex- 
pensive, a different approach was made to the problem. 

It was known that kok-saghyz roots contain carbohydrates, a 
possible source of valuable byproducts. Therefore, the first step was 
to leach the roots in hot water to remove the carbohydrates. When 
this was done it was found that the tissues were softened and the latex 
had coagulated in fine filaments. It appeared that the proper manipula- 
tion of the softened roots in water might loosen and flush away the 
tissues, leaving the rubber. 

Pebble milling the leached roots in water, as is done with guayule, 
was therefore tried, but it was found that excessive millings were re- 
quired to obtain complete isolation of the rubber from the plant tissues 
so that they could be separated by flotation. Furthermore, the con- 
sistency of the kok-saghyz slurry in the pebble mill was such that the 
total solids in the system had to be kept quite low thus further reducing 
the capacity of the pebble mills. These difficulties were overcome by 
a process worked out by R. K. Eskew and P. W. Edwards of the 
Eastern Regional Research Laboratory and covered by United States 
Patent No. 2,393,035. 

This process consists of pebble milling the leached roots for about 
20 minutes in water using a ratio of 20 parts of water to 1 of solids. 
This operation rolls together the fine filaments of rubber and loosens 
most of the soft plant tissue. The slurry from this milling, when 
diluted with 5 times its weight of water, is then passed over a vibrating 
screen thus eliminating, through the screen, 60-65 percent of the root 
solids other than rubber. The material passing over the screen con- 
sists almost entirely of rubber contaminated with some root skins and 
other tissue fragments. A secondary pebble milling for 22 minutes 
using about 22 parts of water to 1 of solids further eliminates the 
nonrubber constituents so that the conventional continuous flotation 
process recovers the rubber by floating it away from the plant debris. 
This rubber is then washed on a vibrating screen and again floated to 
eliminate traces of entrapped plant debris. After dewatering in a 
centrifuge, antioxidant is added to the rubber in a mixer and it can 
then be dried in a continuous through-circulation, multiple-belt drier. 

The process thus worked out recovers well over 90 percent of the 
total rubber in the roots and, according to Russian representatives 
with whom the process was discussed and who saw a moving picture 
of the pilot-plant operations, the method is much simpler than any 
they had developed (figs. 33 and 34). 

726607—47 10 
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FIGURE 34.—Blocks of kok-saghyz rubber at the Eastern Regional Research 
Laboratory, Philadelphia, Pa. Viewing rubber are, left to right, Hon. W. R. 
Poage, Hon. Victor Wickersham, Hon. John Phillips, and Hon. Anton John- 
son of the U. S. House of Representatives. (Bureau of Agricultural and 
Industrial Chemistry.) 

Byproducts 

While primary emphasis was on development of methods of rubber 
recovery, it was found that inulin and other carbohydrates were 
leached out of the roots in the first leaching treatment. These sub- 
stances, if obtainable in sufficient concentration, are possible sources 
of ethyl alcohol and other fermeatation products. Exploratory experi- 
ments have shown that Ladobacillus delbrückii produces lactic acid 
and Saccharomyces ceremsiae produces ethyl alcohol, both in fair yield, 
from kok-saghyz leach-liquors. 
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Eskew {14v) indicates that fall dug roots contain 40 to 50 percent 
carbohydrates by weight while roots harvested after the plants start 
growing in the spring may contain as little as 10 percent. 

The plant tissues which are recovered from processing waters in 
order to permit re-use of the water contain proteins and fats and may 
have byproduct value. 

KOK-SAGHYZ RUBBER 

Yield 

Russian workers have given few figures on yield of kok-saghyz 
roots from which the rubber is extracted, and it was realized from the 
beginning that yields would be related to the type of seed used and 
numerous local factors. 

Altukhov {3) reports 100 to 112 centners per hectare while in 
another paper (2) he reports only 50 to 60 centners per hectare. Elkin 
{14) indicates the average yield is 35 centners but that this may be 
increased to 100 by good practices. Lysenko {27) states that some 
collective farms which were successful in securing good stands pro- 
duced as much as 50 to 70 centners per hectare. Milner {36) records 
that one farmer harvested 36 centners per hectare but he also speaks 
of another farm on which 35 centners were harvested one year and 
only 23 the following year. One report {49) gives the yield of first 
year roots as 30 to 50 centners per hectare, while Takushin {60) 
reports 100 to 118 centners. Another publication {62) indicates that 
one farm produced only 19 centners of second-year roots. It also 
gives various other figures ranging from 23.7 to 46 centners per hectare 
and lists two high yields of 75 centners. Zasiadnikov {66) reports 
23 to 45 centners. It would thus appear that the average Russian 
yields range from 35 to 45 centners per hectare. 

A centner is equivalent to approximately 110 pounds. However, as 
it is understood that the centners referred to in the cited Russian 
papers on kok-saghyz are actually double centners, the average weight 
of roots produced per hectare in Russia would be from 7,700 pounds to 
9,900 pounds. This would be approximately 3,100 pounds to 4,000 
pounds per acre. 

In 1942, 5,260 pounds of roots, fresh weight, were dug at Cass 
Lake, Minn., and 8,600 pounds at Manistique, Mich. The yield of 
roots averaged 1,846 pounds per acre at Cass Lake and 2,688 pounds 
at Manistique. The Cass Lake lot averaged 4.78 percent rubber 
based on the dry weight of the roots while that from Manistique 
averaged 4.45 percent. 

In late October 1942, 5 acres dug at Missoula yielded 2,950 pounds, 
fresh weight, or an average of 590 pounds per acre.    Analysis showed 
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4.43 percent rubber based on the dry weight of the roots. The stand 
was very poor. Had there been as many as 4 plants per linear foot 
the yield probably would have exceeded 4,000 pounds per acre. 

The best production of roots in 1942 was a calculated yield of 
8,328 pounds, fresh weight, per acre from a small test plot at Geneva, 
N. Y. A small plot at St. Paul, Minn., gave an indicated yield of 
7,934 pounds per acre, fresh weight. 

In 1944 Zehngrafï and Aamodt (/fiji) calculated rubber yields from 
the roots of second-year stands in Minnesota as from 64 to 97 pounds 
per acre on May 27 and from 74 to 108 pounds per acre on June 12*. 

Table 9 shows the 1943 calculated root yields. Most of the fields 
had stand densities much less than considered adequate. Theoretical 
yields per acre, calculated from sample yields of the best areas in the 
Lamb field at Moorhead and the Ross field at Crookston, were 8,500 
pounds and 8,800 pounds respectively. One sample 5-foot plot in 
the Bekkerus B-2 field grown from presprouted seed with 51.6 plants 
per linear foot gave a calculated yield of 9,051 pounds per acre. 

Root samples were dug on March 16, 1944, at Belle Glade, Fla. 
These samples indicated relatively light yields per acre for both the 
November and the January sowings, but samples dug on April 21 in- 
dicated a maximum yield of 6,444 pounds per acre for the November 
sowing and almost as much, 6,408 pounds, for the January sowing. 
Erambert {13])) conducted a rather careful thinning test with results 
similar to those reported for the Lake States areas. A calculated 
production of 3,456 pounds where the stand was thinned to 4 plants per 
linear foot increased to 4,176 pounds with 8 plants per linear foot and 
5,616 pounds where there were 20 per linear foot. Erambert reports 
that the heaviest weight of roots was secured with 115 plants per linear 
foot. 

Rubber analyses of roots from the November 1943 seedlings har- 
vested in April 1944 ran from 4.05 to 5.11 percent based on dry weight. 
The lower assay of the roots from the January 1944 seeding, 3.14 to 
3.94 percent suggests that the plants had not reached their maximum 
rubber content. These plants, less than 4 months old, had a slightly 
higher rubber content than northern grown plants of about the same 
age. 

Sampling of several fields in the Red River Valley of Minnesota in 
late April 1944 showed in general a slightly increased fresh weight of 
roots per acre over the fall 1943 weight wherever the average density 
in the spring was close to the average of the previous fall. In these 
samples the average rubber content based on dry weight of roots was 
slightly less in the spring than in the fall. 

At San Clemente, Calif. {12p), samples were taken on June 6, 1944, 
for calculation of root yields.    The calculated yield of the October 
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1943 sowing was 4,455 pounds while that for the November sowing was 
3,940 pounds. 

Samples taken at Edinburg, Tex., on June 2, 1944, gave, a calculated 
weight of 7,579 pounds of roots per acre with the roots averaging from 
s/i to 1 inch in diameter. 

Quality and Utility 

A detailed discussion of the quality of kok-saghyz rubber is to bo 
found in a report of the Eastern Regional Research Laboratory, 
Bureau of Agricultural and Industrial Chemistry (14-p). 

Laboratory tests on the physical and chemical properties of kok- 
saghyz rubber showed it to be of such good quality as to justify its 

FIGURE 35.—Tires made from kok-saghyz rubber.    (Bureau of Agricultural and 
Industrial Chemistry.) 

more complete evaluation through the large-scale commercial fabri- 
cation and testing of automobile and truck tires made entirely from 
kok-saghyz rubber. Contracts were made with the B. F. Goodrich 
Co. and the United States Rubber Co. to carry out this work using 
kok-saghyz rubber produced in the pilot plant at the Eastern Regional 
Research   Laboratory.    - 

Fifteen hundred pounds of rubber were shipped to the B. F. Good- 
rich Co., who fabricated in their regular factory equipment fifty 6.00 
x 16, 4-ply passenger car tires (fig. 35). Before processing the rubber, 
compounding studies were made to determine the proper formulas 
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and cures for making the various parts of the tire. Some of the ex- 
perimental tires were given road tests by the B. F. Goodrich Co., in 
comparison with GR-S tires manufactured by the same company. 
Others from this lot were sent to the Rubber Reserve Company's 
Test Fleet at San Antonio, Tex., where four of them were given road 
tests in comparison with Firestone GR-S controls. 

Fifteen hundred pounds of kok-saghyz rubber were also sent to the 
United States Rubber Co., at Detroit, Mich., where seventeen 9.00 x 
20, 10-ply rayon cord heavy-duty tires were fabricated. Four of 
these were tested under severe conditions with progressively increasing- 
overloads. The test was not continued to the point of carcass failure 
as the terms of the contract did not permit running the necessary 
number of miles for breakdown. The mileage required for break- 
down was found to be much more than was originally estimated. 

The road test conducted by the Rubber Reserve Company's test 
fleet showed that after driving 17,700 miles at 60 miles per hour, the 
wearing qualities of the tread on kok-saghyz tires averaged 73.9 
percent of that of the GR-S treads. Unfortunately this test is not 
entirely conclusive in showing the relative wearing properties of kok- 
saghyz and synthetic rubber tires as the kok-saghyz tires were manu- 
factured by one company with one type of construction, whereas 
the synthetic controls were manufactured by another company with a 
different type of construction. 

A more significant comparison is seen in the case of road tests con- 
ducted by the B. F. Goodrich Co., where similar construction was used 
in both types of tires. ' 

A later road test made by the Office of Rubber Reserve showed the 
tread wear of a kok-saghyz tire to be 93.4 percent as good as that of a 
GR-S control; both tires were made by the same manufacturer. The 
test was discontinued after 21,848 miles although none of the tires had 
failed. Eighty percent of the driving was at 60 miles per hour on 
cross-country highways. 

The detailed reports on these fabrication and performance tests can 
be consulted at the Eastern Regional Research Laboratory, Bureau 
Agricultural and Industrial Chemistry, Philadelphia, Pa. 

The findings of the rubber companies who fabricated tires from kok- 
saghyz rubber and tested them on the road were that kok-saghyz can 
be handled with regular rubber tire-manufacturing equipment and with 
the same techniques as employed for hevea rubber. Its building tack 
is superior to GR-S and equal to hevea. Its tread wear (with the 
particular formulas used) was somewhat inferior to that of hevea but 
superior to GR-S when GR-S control tires had the same construction 
as the kok-saghyz tires. It can satisfactorily replace hevea rubber in 
the manufacture of carcasses for  heavy-duty   tires.    GR-S is not 
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satisfactory for this purpose.    Kok-saghyz is superior to any other 
domestically grown rubber. 

Although road tests show that the wearing qualities of tire treads 
when compounded by an experimental formula (not necesssarily the 
best one) are somewhat inferior to that of hevea treads, this is not 
particularly significant. Now that GR-S can be made into treads 
with entirely satisfactory wearing qualities, the big need for high-grade, 
natural rubber is in the carcasses of heavy-duty tires. This is where 
kok-saghyz rubber has proved highly satisfactory. If kok-saghyz 
were available in quantity it could be used in the carcasses, while 
synthetic rubber is used in the treads, thus making possible the 
manufacture of heavy-duty truck tires without imported rubber. 



ECONOMICS OF PRODUCTION 
PRODUCTION COSTS 

Such information as is contained in Bnssian papers refers occasion- 
ally to the number of workers required for an individual operation, but 
no references to the total cost of the production of rubber from kok- 
saghyz were found. 

It was recognized that growing and processing of rubber from 
kok-saghyz in this country would probably be an expensive operation 
because of the nature of the plant and the anticipated relatively small 
yields of rubber per acre. Wartime shortages of labor and equipment 
would naturally be reflected in the per acre or per pound costs. 

No attempt was made to collect cost figures on the various operations 
included in the 1942 experimental program. 

On the basis of available Russian labor estimates and from the 
limited experience in the 1942 plantings in this country, a prospectus 
was prepared in January 1943 and presented to the authorities charged 
with the national program of rubber production (42p). In this pros- 
pectus an attempt was made to outline the plan for the emergency 
production of rubber from kok-saghyz and to forecast the possible cost 
of this rubber. For such an experimental program as was planned, it 
was estimated that 50 man-days of labor per acre would be required 
from land preparation to root harvest and that the small amount of 
rubber which might be produced the first year might cost as much as 
$3.60 per pound. This extremely high estimate of cost per pound 
included the purchase of all necessary field and laboratory equipment, 
the construction of a pilot extraction plant, and all phases of experi- 
mental work, as well as the predictable direct and indirect costs of 
growing kok-saghyz. 

The importance of accurate cost records was recognized, and for 
1943-44, unit costs were kept for each operation as a guide for future 
operations and as an aid in evaluating kok-saghyz as a rubber crop 
which could be produced in the United States. 

Root Production by Direct Government Operation 

Wherever possible suitable land belonging to Government agencies 
was utilized without cost in the 1943 program. Forty acres of land 
was secured from the Fish and Wildlife Service in New York State; 
100 acres from the Farm Security Administration in Michigan; 4 acres 
from the Bureau of Animal Industry in Montana; and 27 acres from 
the Reclamation Service in Oregon. 

Before negotiating for suitable lands of representative soil types in 
the various regions in which it was desired to test the growing of 

148 



RUSSIAN  DANDELION 149 

kok-saghyz, conferences were held with county agricultural agents to 
discuss the program, coordinate it with the wartime food production 
program, and to determine fair land valuations and rentals. The land 
rental program was also discussed with farm groups, cooperative asso- 
ciations, and sugar-beet representatives where such were interested. 

In general, farmers were willing to lease part of their land as a pa- 
triotic gesture and because they faced a rather stringent labor situa- 
tion. In Wisconsin the farmer-owner whose land was selected offered 
his land and his personal services at less than their current value 
because of a sincere desire to determine the possibility of a new crop 
in his vicinity where large acreages of drained peat land were un- 
developed. 

Land rentals generally were based on the intensity of farm use in 
the locality and the value of specialized crops produced. Except for 
the Saginaw, Mich., peat area, land secured rent free from other 
Government agencies proved to be expensive to manage because it 
was not in good farming condition. 

Leases were drawn with fair consideration to the fact that the 
farmer's crop year did not coincide with the Government's fiscal year. 
They provided for renewals beyond the close of the fiscal year and for 
cancellation not later than March 15 to allow the farmer to plan his 
crop use of the area for the ensuing crop season. These leases worked 
out to the satisfaction of the farmer-owners and of Government repre- 
sentatives and proved to be equitable. 

The decision to liquidate the entire project by June 30, 1944, made 
it necessary to negotiate termination of some of the leases after March 
15 on certain areas leased, but no difficulties arose in reaching satis- 
factory agreements with the lessors at a direct cash saving to the 
Government. 

Leases of privately-owned land in all areas were made at current 
local rental rates per acre. The land leased during 1943 ranged from 
$5 to $30 per acre. Generally the irrigated tracts which had been in 
intensive cultivation for many years carried the highest rental per acre. 

Ground preparation costs cover plowing, disking, harrowing, float- 
ing, and cultipacking or rolling. 

The cost of proper ground preparation varied greatly in accordance 
with the local practices, local wages, rentals for equipment, kind and 
type of equipment used, size of the fields, and the number of repeat 
operations made necessary by reason of weather conditions, failure to 
secure stands, or excessive weed growth. In general, contract oper- 
ations handled by farmers cost less than direct Government operations 
based on Department of Agriculture standardized wages for the local- 
ity, an 8-hour day, and overtime pay. Table 10 gives estimated costs 
of cultural operations for the country as a whole. 
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TABLE. 10.—Cost of kok-saghyz ground preparation operations1 

Operation 

Plowing (tractor)  
Disking (deep)  
Disking (shallow)  
Spring-tooth harrow  
Field cultivator (drying)  
Floating (leveling)  
Spike-tooth harrow  
Cultipacker, harrow, or float _ 
Rolling   

Cost per acre 
(once over) 
including 

equipment 
rental 

!. 00 to $4.00 
.50 to   1.25 
.40 to 
.50 to 
.50 to 1.25 
.25 to 1.25 
. 20 to . 50 
.50 to 1.25 
.50 to 1.25 

Acres 
covered 
per 8- 

hour day 

3 to 5 
10 to 20 
16 to 25 
14 to 20 
10 to 20 
10 to 40 
24 to 50 
10 to 20 
10 to 20 

i The total average over-all ground preparation costs, including additional disking, harrowing, floating 
and so forth to secure a fine seedbed, would probably run $6 to $15 per acre in an average year. 

Ground preparation for the 1943 season ranged from $3.05 to $38.07 
per acre, the lower figure representing the cost on a field which had 
been partially prepared before being leased by the Government^ in 
which case the rental costs reflected work done by the owner in par- 
tially preparing the seedbed. Some differences in ground preparation 
costs are the result of differences in the previous use of the land. 

The wide variation in cost of land preparation was largely due to the 
attempt to prepare peat land which had not been previously cropped. 
The cost of ground preparation on the Gleason peat field at Aitkin, 
Minn., which had been well "subdued" by previous cultivation, was 
$12.21 per acre, while costs on the Stapp field which had previously 
had but one crop, flax, were $15 per acre. 

While it was not known that fertilization was a definite requirement 
of kok-saghyz culture on the lands selected, 1942 experience indicated 
that it might be a profitable practice at least on some soils. The 
fertilizers applied in 1943 cost from $6.19 to $31.75 per acre. 

Seeding in multiple rows, including the treatment of seed and the 
reseeding of failed portions, ranged between $2.75 and $6.24 per 
acre. 

Cultivation is a relatively low-cost job, and early, frequent, and 
careful cultivation resulted in a considerable reduction in the weeding 
cost. For the 1943 season cultivation costs ranged from $6.49 to 
$32.66. 

Weeding proved to be the most expensive operation in growing 
kok-saghyz. As no mechanized method of removing weeds very close 
to the small plants and within the rows was known all weeding was 
done by hand. Weeding costs can be reduced by careful preparation 
of the ground, including summer fallowing, delayed seedings, early 
and careful cultivation, and by the use of hand-weeding tools. 

It is probable that maximum efficiency and minimum weeding 
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costs can be obtained by paying workers on a piece-work basis. At 
Plainfield, ^Vis., weeding was contracted to the farmer-cooperator 
who had imported a crew of Jamaicans. The contractor paid this 
labor on a per row piece-work basis. These workers made more 
money per day (some by putting in longer hours) than regular hourly 
workers but the cost per acre was considerably less. Weeds in this 
area were probably as plentiful as in any field elsewhere. The total 
actual cost of four complete weedings was $101 per acre. 

At Crookston, Minn., on heavy mineral soils, weeding costs aver- 
aged $150 per acre and ranged from $60 per acre on a late-sown tract 
where the early weeds had largely been eliminated before reseeding 
to $300 per acre where weeds were most numerous and early cultiva- 
tion was impossible due to wet soil. At Moorhead the average cost 
was $124 and ranged from $56 to $191 (SOp). Here again, the low 
cost was on a late-seeded area where weeds were destroyed by ground 
preparation prior to seeding and where cultivation and weeding 
could be performed at the proper time. 

In Montana hand weeding (four times) averaged $223 per acre 
and was in addition to cultivation (four times) costing $11 per acre 
and hand hoeing (four times) costing $12 {6jp). Weeding costs 
varied from an average of $172 per acre for single rows spaced 20 
inches apart to $182 for double rows 9 inches apart, with a 24-inch 
free space between double rows, and $254 for triple rows. 

In Oregon {9jp) there were relatively few weeds on mineral soil; 
more on the peat. Weeding costs averaged $96 per acre on the 
mineral soil and $179 on the peat. Stands were very light with 
many open spaces which reduced the hand-labor costs for the later 
weedings. 

Probably the most difficult labor situation was in New York State 
where truck crop and fruit-growing operations, industrial develop- 
ment, and the construction of a military camp nearby had drained 
all surplus labor. Failure to recognize this situation early in the 
season and to start recruiting well in advance of the closing of schools 
left the project without sufficient labor. Oliver {Sip) reports that 
weeding on the Pease field should have been done by June 4, but no 
labor was secured until June 18, and then only 7 inexperienced high 
school boys were on the job. By that time weed growth was excessive 
and much damage was done to the stand in removing the large weeds. 
Tractor cultivation had not been started because the indistinct rows 
were hard to follow. Late in June a contract for weeding labor on 
an hourly basis was arranged. Most of the Pease field was weeded 
3 times; and one section of about 2^ acres was weeded a fourth time. 
The first weeding required 33.6 man-days per acre, the second 41.6, 
the third 6.8, and the fourth 7,1.    The total cost of weeding was 
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nearly $600 per acre. Similar difficulties were encountered on the 
late-seeded Rogers tract and the cost was nearly $300. Even so, an 
inspection in early October showed many weeds in this field. 

Weeding costs at Burlington, Vt., were also high, averaging $417 
per acre. 

While the practice of thinning or blocking to establish the desired 
density within the row was not generally recommended in 1943, 
certain fields were thinned to determine the value of this operation 
and the cost. (These costs are not included in table 12.) Zehngraff 
Ußp, 46p) kept records on the cost of various thinning jobs. The 
lowest cost, $27.90 per acre, was in 4-inch blocking with a hoe. Hand 
thinning costs on a per-acre basis varied from $54.25 for 5-inch spacing 
to $76 for 3-inch spacing and $180 for 2-inch spacing. 

The cost of the various operations connected with harvesting, 
topping, lifting and picking, storage, drying, baling and sacking, 
washing and loading on cars, varied greatly with the location, the 
equipment used, the amount of hand labor required, method of drying 
employed, weather conditions, and other factors. Table 11 is a 
summary of the harvesting costs of the 1943 program. The table 
reflects the greatly reduced cost of mechanized topping, and also 
emphasizes the relatively low cost of root lifting at Cass Lake where 
the soil was sufficiently light and sandy to permit operation of the 
digging machine with discharge of the roots onto a cart, thus eliminat- 
ing hand picking. It is apparent that a fully mechanized operation of 
topping, digging, and picking would greatly reduce costs. 

Root harvesting will be an expensive operation until harvesting 
machinery can be perfected. Improvements must also be made to 
secure a greater efficiency in root harvest, that is, to recover prac- 
tically 100 percent of the roots in the upper 8 to 10 inches of soil. 

Reduction in costs may come from use of a machine which will top, 
push the tops to one side of the row, lift, shake the soil from the roots, 
and deposit them on a cart or in a crate. Sufficient work has been 
done to warrant the assumption that such a machine can be per- 
fected without great difficulty during the early stages of any expansion 
program. 

Estimated washing costs are based on the assumption that all roots 
should be washed immediately following digging and that the demon- 
strated washing principles can be extended to large scale mechanized 
washing. Washing, if required, may not be done until the roots reach 
the mill. 

Drying of roots is essential for year-long operation of an extraction 
plant and if the salvage of fermentable sugars is to be a part of the 
program. Eskew (14'P) reports rubber from rotted or retted roots 
to have green tensile properties above the average but to be more sub- 
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TABLE 11 —Cost of root harvesting, fall 1943 

Per acre Per ton (green weight) 

Location and soil Topping 
Digging 

and 
lifting i 

Pit 
storage 

Drying 
and 

storage 

Baling 
or 

sacking 

Wash- 
ing 

Load- 
ing 

Hand Ma- 
chine 

Minnesota: 
Cass Lake, sandy  
Moorhead, loam 

Dollars 
13. 74 

Dollars 

~~3.~()4~ 
2.23 

.90 

1.60 

Dollars 
2 26. 07 
5 62. 23 

» 117.00 

10 81.70 
32.86 

'2 42. 08 

72. 54 

89. 20 

Dollars 

"""3."93" 

.46 

Dollars 
3 8.44 

6 38.86 
9 31.63 

"58.00 
3 16. 77 

Dollars 
4 7.75 
7 2.89 
4 7.75 

~"7\5.~80" 

Dollars 

3.00 

Dollars 
0.51 
.61 

Crookston, silt loam 14. 82 

37. 57 
11.94 

.51 
Michigan: 

Saginaw, muck  
Manistique, sandy  

Wisconsin: 
Plainfield, peat 

4.62 
.51 

Montana: 
81.05 

11.03 

3 23. 49 

13 25. 91 
New York: 

Seneca Falls, loamy fine sand  

1 Includes hauling to storage. 
2 95 percent roots recovered by modified potato digger. 
3 Air-dried. 
4 Baled. 
s 55 percent of roots recovered by modified potato digger. 
6 With corn drier. 
7 Sacked. 
s 81 percent of roots recovered by modified beet lifter. 
« In heated building. 
10 78 percent of roots recovered by modified potato digger. 
» Partially heated building. 
12 76 percent of roots recovered by modified potato digger. 
is In unheated building. 

Does not include $6 hauling cost. 

ject to rapid deterioration on aging than rubber obtained from unde- 
composed roots. Furthermore its extraction is difficult and unpleas- 
ant. In addition the fermentable carbohydrates are lost in rotting. 
It appears doubtful that the cost of drying can be justified simply to 
salvage the sugars unless the cost of this process can be materially 
reduced. Crude methods of drying roots, such as were employed in 
the fall of 1943, are undoubtedly impractical because of slowness in 
drying and the large drying capacity required. 

Baling of dried roots is necessary to reduce storage space and to 
facilitate transportation and handling from storage to the extraction 
plant. Even for storing baled dried roots extensive storage facilities 
will be essential in connection with year-long operation of the extrac- 
tion plant. It is probable that mechanized handling of dried roots 
to the balers and mechanized baling will result in great reductions in 
the costs indicated in the limited hand operations of 1943. No 
accurate cost figures were obtained for drying, storing, or incidental 
handling operations. 

The cost of producing kok-saghyz on an acreage basis varied as 
to the locality with land rentals, wage schedules, size of field, row 
spacing, machinery and equipment used, climatic conditions, weedi- 
ness of the field, amount of hand labor required, and many other 
factors.    The basic cost per acre of growing kok-saghyz will eventually 



154      MISC.   PUBLICATION   618,   U.  S.   DEPT.   OF  AGRICULTURE 

reach a constant level for any given locality. The cost of producing 
a pound of seed or rubber will then vary in accordance with the 
yield secured. 

Factors affecting root volume per acre and rubber yields include 
the physical characteristics of the soil and its fertility, the time of 
sowing, together with the length of the growing season, the density 
of the stands, and the efficiency of the harvesting operation. 

Table 12 is a compilation of minimum and maximum field produc- 
tion costs in 1943, together with an estimate of average production 
costs which might be anticipated in any future program of production 
using unimproved seed, employing cultural methods as now known, 
and growing the plant in the same general areas. In compiling the 
minimum and maximum 1943 production costs, no consideration was 
given to the costs in Vermont, New York, and Oregon where the 
effort failed in whole or in part. The table does not include overhead 
costs, which obviously must be incurred in organizing and developing 
any program. 

TABLE  12.— 19Jf3 and estimated future per acre field production costs for 1-year 
kok-saghyz plantings (After Wales, 4%P) 

1943 costs Estimated average future costs 

Operation 

Minimum Maximum 

Laite States 

Irrigated 
West Mineral 

soil Peat 

Land rental  
Ground preparation. 

Dollars 
5.00 

i 3.05 
6.19 

2.75 
6.49 

2 101.62 

Dollars 
30.00 
38.07 
31.75 

6.24 
32.66 

2 274.11 
65.76 

4.82 
81.70 
3.00 

50.00 
21.76 

.86 

Dollars 
10.00 
9.00 

13.50 

3.00 
6.50 

120. 00 

Dollars 
20.00 
11.00 
21.50 

3.00 
6.50 

140. 00 

Dollar» 
30.00 
15 00 

Fertilizer  13 50 
Sowing, including presowing treatment and re- 

seeding..       ._    ._   4 00 
Cultivated 4 times 10 00 
Weeded 4 times      _._   . 150 00 
Irrigation           _ 60 00 
Root harvesting: 

Topping (machine)   ... 2 1.60 
49.68 }     25.00 

3.00 
15.00 
14.00 

.50 

25.00 

3.00 
15.00 
14.00 

.50 

Lifting (machine) . . 35.00 
Washing  4 00 
Drying               25.00 

7.43 
20 00 

Baling, storage, and loading 18 00 
Insect and disease control    .   .75 

Total  208.81 640. 73 219. 50 259. 50 360 25 

Roguing .   6.16 
9.48 
2.80 

21.00 
38.00 
16.74 

12.00 
45.00 
10.00 

12.00 
45.00 
10.00 

12 00 
Seed collection       60 00 
Seed drying, threshing, and cleaning  13.00 

i Part of the preparation already done when the land was leased. 
2 Wide deviations from these costs have not been included. 

Cost of Extraction 

Estimates of the cost of recovering rubber from kok-saghyz roots 
have been prepared by the Eastern Regional Research Laboratory of 
the Bureau of Agricultural and Industrial Chemistry. 
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The root-milling portion of any factory for recovering rubber from 
kok-saghyz is more costly than that for rubber-processing. There- 
fore, the design and estimate of the cost of the factory have been 
based on a constant rate of handling roots rather than on a constant 
rate of rubber output. The factory, as designed, would turn out an 
average of 10 long tons of rubber a day operating 12 months a year. 

In preparing these estimates it has been assumed that one-half of 
the kok-saghyz acreage required to support a single processing plant 
would be harvested in October and November, and the balance during 
the spring months. The proposed factory includes a drying plant to 
prepare, during each of the harvesting periods, a supply of roots to 
keep the plant in operation until the next harvest is under way. 

For the purpose of estimating the initial cost of the factory and the 
cost of operations, the average rubber content of the roots harvested 
in the fall of 1943 and processed during the early spring of 1944, 5.25 
percent, has been used to arrive at the cost of extracting rubber from 
freshly harvested roots. As a measure of the increased rubber pro- 
duction from roots harvested in the spring and the decreased cost of 
operations, the average of those lots harvested during March, April, 
and May 1944, 7.50 percent, was used. 

Operating costs are based on the assumption that the roots will be 
washed in the field, dried to a moisture content of 30 percent before 
delivery to the factory, and further dried to 15 percent before storage 

at the factory. 
The carbohydrate content of fall-harvested roots is assumed to be 

about 38 percent, on a moisture-free basis, and of spring-harvested 
roots, 11 percent, the latter being so low that recovery would not be 
attempted. The credit for fermentable carbohydrates in the leach- 
liquors from fall-harvested roots has been calculated on the basis of 
2.7 cents per pound of carbohydrates, using labor and equipment costs 
as they prevailed during the 1944 pilot plant run. 

The complete cost of the factory, including erection and engineering 
expense, is estimated on the basis of high wartime costs of labor and 
materials at $2,800,000. The average year-round cost of recovery of 
rubber from roots delivered at the drier, including interest and amorti- 
zation, would be about 11.0 cents per pound of rubber. This figure 
assumes a credit averaging 5.7 cents per pound of the total yearly 
producton of rubber, for the fermentable carbohydrates recovered 
from the fall-harvested roots. 

Improvements in kok-saghyz seed strains, which can be expected 
to give larger roots of higher rubber content, and the development of 
better field practices resulting in larger yields of roots would corre- 
spondingly decrease the initial cost of the factory and reduce the per 
pound cost of extracting rubber from the roots. 

726607—47 11 
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The following tabulation gives the estimated factory costs per pound 
of commercial rubber produced and the details of direct processing 
costs : 

Fall-har-   Spring-har-   Weighted 
vested roots vested roots     average 

(cents) (cents) (cent's) 
Estimated  factory   costs   per  pound  of  commercial 

rubber produced: 
Fixed charges (interest 5 percent, amortization 8 

percent, taxes 2 percent, insurance 0.5 percent) _ 7. 83        5. 49        6. 46 
Direct processing costs            11. 90        9. 05      10. 24 

Total manufacturing cost        19. 73      14. 54      16. 70 
Credit for sugars      — 13. 78        0 — 5. 68 

Net manufacturing cost _   5. 95      14. 54      11. 02 

Direct processing costs: 
Labor, including maintenance: 

Root drying and storage  1.37 .93 1.09 
Root processing in factory (through primary 

screening)  4. 37 3. 15 3. 69 
Rubber processing  1.42 1.06 1.21 

Supervision and management  .45 .34 .39 
Coal for root drier  .32 .23 .26 
Water supply _   „ .10 .09 .09 
Steam   .77 .56 .64 
Purchased power for: 

Root drying and storage  .12 .08 .11 
Root processing  .97 .72 .82 
Rubber processing  .41 .41 .41 

Pebbles and other supplies  1.60 1.48 1.53 

Total       11. 90        9. 05      10. 24 

A complete summary of the extraction studies and pilot mill opera- 
tions, including detailed cost estimates, can be found in a paper to 
be published by R. D. Eskew, Eastern Regional Research Laboratory, 
Bureau of Agricultural and Industrial Chemistry. 

Seed Production by Direct Government Operation 

The production of a supply of kok-saghyz seed was one of the major 
objectives of the 1943 program and would be a major item of cost in 
any expansion program. 

It is probable that in the future seed production would be confined 
to the most favorable seed-producing localities. During 1943, seed 
was collected in the Lake States, Montana, and Oregon. Conse- 
quently, cost records include the less economical collection of the seed 
in the Lake States and on the Pacific Coast, as well as the more favor- 
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able production of kok-saghyz seed in the irrigated mountain valleys 
of Montana. 

The range of costs for land rental and ground preparation, fertiliza- 
tion, weeding, cultivation, and seeding is the same for seed production 
as for root production. To these costs then must be added the cost 
of those operations chargeable directly to seed collection. 

Many factors, including the density of the planting; the percentage 
of first- and second-year flowering plants in the stand; location and 
climate as they control the photoperiod; weather conditions which 
influence the spring seeding season; and the growth during the season 
and especially wind and rain during the seed-ripening period; the 
presence of pollinating insects ; and the efficiency of the seed-picking, 
threshing, and cleaning machinery, all have a direct effect on the 
yield per acre and therefore upon the cost per pound. 

The most economical method of seed production is to collect seed 
in the second year from stands of second-year flowering plants segre- 
gated in plantings made and maintained especially for seed production. 
This would result in obtaining higher yields of purer, better quality 
seed and would relieve farmers engaged in kok-saghyz production for* 
rubber of seed-collection details. However, in any emergency requir- 
ing rapid expansion of seed supplies, seed would have to be collected • 
from every available planting. 

A seed-collecting machine will handle about 8 acres per day. The 
period of operation may extend for 50 to 60 days. In 1943 seed-col- 
lection costs ranged from $9.48 to $38 per acre. 

Since more attention must be given to roguing in connection with 
seed production than with root production, the cost of roguing is 
important in connection with seed-production costs. In 1943, roguing 
costs ranged from $6.16 to $21 per acre, the wide variation resulting 
from differences in the amount of rogue seed in the initial supply of 
kok-saghyz seed. At least two roguings were made the first season 
in all fields from which seed was collected. 

For several years it is probable that roguing costs will average from 
$10 to $12 per acre for stands in which the rogue content does not 
exceed 1 percent. 

Inasmuch as seed drying, threshing, and cleaning operations in 
1943 were directed toward developing proper methods of accomplishing 
this work, the costs, ranging from $2.80 to $16.74 per acre, have little 
meaning. Estimates of future seed drying, threshing, and cleaning 
costs based on handling a much larger amount of seed might range 
from $10 to $13 per acre. 

Experience in 1943 indicated that irrigation greatly increased yields 
of seed and consequently reduced the cost of seed per pound, justifying 
the high expenditure involved in using irrigated land. 
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Wage Rates 

Wage rates varied with the locality and usually depended on the 
availability of labor and the demand for it. Table 13 shows the w;age 
scale used on the kok-saghyz project in 1943. An endeavor was made 
to adhere closely to the prevailing wage scale for farm labor used in 
the vicinity of kok-saghyz planting areas. In general wages paid 
were slightly higher because of the application of the Federal overtime 
law. The initial rates had been determined in conference with county 
agricultural agents, beet-sugar companies, farm associations, and 
individual farm employers of labor. 

Not only does the agricultural wage scale affect costs directly, but, 
particularly in wartime, it determines the class of labor which can be 
hired. In the Lake States it was necessary to use untrained women 
and high school students, except at Saginaw, Mich., where Mexican 
nationals were available because of the failure of farmers to seed their 
contracted acreage of sugar beets. 

At Saginaw whole families of Mexican nationals were employed. 
Most of them did not speak or understand English and it was neces- 
sary to do all training and supervision through interpreters, many 
of whom were not capable of interpreting and understanding the 
instructions. However, all of the laborers were accustomed to weeding 
sugar beets. 

TABLE 13.—Wage rates per hour, including overtime, by class of labor 

Class of labor 

State 

Class of labor 

State 

Common Straw- 
boss 

Farm 
laborer 
(skilled) 

Common Straw- 
boss 

Farm 
laborer 
(skilled) 

Minnesota  
Dollars 

0.50 
.50 
.375 
.473 

Dollars 
0.575 
.62 
.50 
.78 

Dollars 
0.65 
.82 
.563 
.85 

Oregon  
Dollars 

0.645 
.62 
. 50 

Dollars Dollars 
0 80 

Michigan  New York . 80 
Wisconsin  Florida  
Montana _ 

Coster (6p) in Montana, was able to hire women accustomed to 
farm work and found it unnecessary to employ students who required 
excessive supervision. 

Department of Agriculture regulations did not allow a differential 
in wage scale between experienced and inexperienced labor and be- 
tween adult labor and youth labor. After being trained and gaining 
a little experience, a few school children did as much or more work 
than some of the adults, but on the whole, the cost of weeding and 
other operations was decidedly increased because this class of labor 
had to be paid the same rate as experienced adult labor. 
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Contract Growing of Kok-saghyz 

Contract growing of kok-saghyz by farmers was studied on a limited 
scale during 1943 and plans were made to contract for the production 
of small acreages to several farmers in the 1944 program. Generally 
the 1943 program was handled directly by employees of the Govern- 
ment on land leased from the farmers or secured from cooperating 
agencies. In all of the areas some of the operations, particularly 
ground preparation, were contracted to farmers. 

At Plainfield, Wis., the farmer-lessor handled all of the cultural 
operations except roguing and seed collection on the basis of indi- 
vidual contracts entered into prior to undertaking any specific job. 
This particular owner farms some 3,000 acres of peat land and speci- 
alizes in the production of potatoes, onions, table beets, and carrots. 
He imports about 60 laborers annually to handle most of the hand 
labor although he also employs local labor. This man was familiar 
with cultural operations which proved adaptable to the growing of 
kok-saghyz and hence was able to estimate closely on the cost of 
cultivation, weeding, lifting, etc. Practically all of the labor used 
by this farmer was paid on a piece-rate basis, the laborers making 
good wages, although some of them worked long hours. The piece- 
rate method of payment for services secured a maximum output per 
day and close supervision and inspection by the project superinten- 
dent made certain that an acceptable job was done. If not, the 
laborer had to go back and make it satisfactory before receiving pay- 
ment. 

In any large production program undertaken in the future, primary 
dependence probably would have to be placed on farmer production 
under suitable contracts. 

Contracting the production of agricultural crops is done annually 
by beet sugar companies, canneries, and other processing plants. 
Knutson (&£#) discusses the possibility of contracting labor for the 
growing of kok-saghyz and has included samples of the sugar-beet 
contract forms with his report. For a new crop such as kok-saghyx 
it might be necessary to include in the contract some of the specifica- 
tions for growing the crop, particularly as to seed and seed treatment, 
rate of sowing, weeding, roguing, and harvesting. Careful instruc- 
tions for the guidance of the farmer-contractor and adequate inspec- 
tions would be essential in order to make certain that a good crop was 
produced. This would require well-trained and qualified men to 
handle the preparation of contracts, instruct the farmers, and inspect 
the fields adequately. 

Experience with sugar-beet production indicates that, as a rule, 
labor services and the purchase of new equipment during the growing 
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season must be financed by the parent organization for whom the 
crop is produced. It is probable that contract production of kok- 
saghyz would have to be financed in the same way. 

If a program large enough to give the maximum tonnage of roots 
for a centrally located extraction plant were undertaken, problems of 
labor and finances would immediately become of great magnitude. 
Some of the field work could be done by the farmer as a part of his 
farm operation, but the hand labor involved would be an extra require- 
ment. Primary dependence would have to be placed on imported 
labor such as Mexican or Jamaican nationals, just as the beet sugar 
companies import labor for the hand work in connection with sugar- 
beet production. Adequate housing would have to be provided either 
as individual family homes or as large camps. If centralized camps 
were used, transportation of the labor to and from the farm would 
be required. 

The amount and kind of farm machinery suitable for large-scale 
production of kok-saghyz and which is normally available on the 
farms in the general territory where kok-saghyz could be produced 
in case of any expanded program, is necessarily dependent upon the 
kind of crops being produced in that area and the intensity of agri- 
cultural practices. Walley (4%) reports that ground preparation 
machinery is generally available. In some localities farms lack the 
necessary cultipackers or land rollers and these would have to be 
purchased. Adaptable cultivators are probably available where sugar 
beets, chicory, onions, carrots, and similar crops are grown, but even 
here specialized attachments would have to be provided to secure the 
careful work required during the early life of the weak kok-saghyz 
seedlings. 

Although Kussian papers (#, 66) suggest the possibility of using 
sugar-beet drills and grain drills to sow kok-saghyz, American experi- 
ence has been that these implements are not readily adaptable to the 
sowing of this very small seed. Better results were secured by the 
use* of drills adapted to the sowing of fine seed. Only those few 
farmers specializing in the production of carrots and similar root 
crops own suitable multiple-row seed drills. 

The seed collecting and root harvesting equipment is new equip- 
ment devised and constructed for specific use with kok-saghyz, hence 
would not ordinarily be available. 

Payment on an acreage or a cost-plus basis does not appear logical 
since too many factors affect yield.    With a new crop on an emer- 
gency basis the farmer ought to be entitled as a minimum to his out 
of-pocket costs of production plus a reasonable rental for machinery 
and land.    Payment on the basis of fresh weight of the roots is 



RUSSIAN   DANDELION 161 

illogical since roots lose weight rapidly on exposure to the air, the 
amount varying with exposure and weather conditions. 

The best method of payment would seem to be on the basis of the 
rubber content of the roots on a dry weight basis. This would 
require adequate sampling of each load delivered, weighing each 
sample and deducting for tare, including the weight of soil attached 
to the roots. This sample would then be analyzed for rubber con- 
tent and the rubber content of the load could be calculated. Such 
a procedure would require a considerable number of men including 
analysts. 

MANPOWER REQUIREMENTS 

It was recognized that, at least in the first years during which 
kok-saghyz might be grown in this country, the availability of labor 
might be a controlling factor in the production of rubber. There- 
fore, records were kept to determine the amount and type of labor, 
particularly hand labor, employed in 1943 and which might be 
required in any future operations. 

Insofar as peak manpower requirements are concerned, kok-saghyz 
is one of the most exacting of all farm crops; for two field operations, 
weeding and harvesting, must be performed largely by hand. De- 
velopment of harvesting machinery may reduce the excessive hand- 
labor requirements of the root harvest. 

During 1943 the labor supply was scarcely adequate anywhere 
except possibly at Missoula, Mont., and Burlington, Vt., where only 
small* acreages were sown. Adequate labor was obtained where 
recruiting was properly organized early in the season before the 
actual need for hand labor developed. 

The Saginaw, Mich., fields were located near a highly industrial- 
ized area and only a few local workers were hired. Fortunately, a 
beet sugar company operating in this area had imported Mexican 
laborers and their families but because of the cold backward spring, 
farmers were able to sow only 30 to 40 percent of the contracted beet 
acreage and the company was pleased that the kok-saghyz project 
was able to employ many of their laborers. However, in these 
arrangements beet work had preference over kok-saghyz and at 
times laborers had to work in beet fields when the kok-saghyz needs 
were critical. 

The labor situation in all of the root harvesting areas was ex- 
tremely difficult in the late fall of 1943. In Minnesota students had 
returned to school and kok-saghyz harvesting was in direct com- 
petition with the farm labor requirements for harvesting potatoes, 
onions, sugar beets, etc. On these farms labor was hired on a piece- 
rate basis and workers soon learned that earnings under the piece- 
rate system were higher than the established daily wage being paid 
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on the kok-saghyz project. Most of the labor on these regular farm 
operations was well paid and seemed to prefer to lay off rather than 
work under the cold wet conditions on the kok-saghyz fields at a 
daily rate of pay. 

At Saginaw, Mich., most of the Mexican labor imported by the 
beet sugar company had returned to Mexico before the kok-saghyz 
harvest was begun. Those who remained were still working in the 
sugar-beet fields in an endeavor to complete the lifting and topping 
job for the beet farmers before freeze-up. It was difficult to main- 
tain a crew of local workers. 

At Plainfield, Wis., the Jamaicans imported by the farmer-owner 
who had contracted for the kok-saghyz harvest found it difficult to 
work under fall temperature conditions much colder than those to 
which they were accustomed. On cold, cloudy, wet days these 
laborers refused to work in the field and on the few intervening warm 
days their services were required by the farmer to save his own crops. 
School children were transported 25 miles on two separate occasions 
in an effort to pick up all of the roots before a freeze-up. 

No great difficulty was experienced in the spring of 1944 in secur- 
ing labor to handle the reduced acreage. However, in Minnesota 
the supply of skilled farm labor was lower than in 1943 and it would 
have been impossible to have carried on an expanded program with- 
out serious conflict with farm labor requirements. At Plainfield. 
Wis., practically no labor was available until after school was out 
at which time it was possible to hire a few high school boys. The 
imported Jamaican ]abor did not arrive until June 1. It would have 
been impossible to have conducted a harvesting program unless the 
entire operation had been on a mechanized basis. 

At Saginaw, Mich., labor for the spring work of 1944 was avail- 
able when needed. A number of Mexican families had moved back 
to the locality and were not needed in connection with sugar-beet 
culture until after the spring harvest of kok-saghyz had been com- 
pleted. Milnes {29p) states it would have been very difficult to 
secure labor for an expanded program in 1944. 

At Missoula, Mont., the labor situation was reported to be about 
the same as it was in 1943. Coster (7p) estimates that labor could 
have been hired to handle up to 100 acres in the vicinity of Mis- 
soula. However, at Miles City the situation was more critical. 
There were but few men not in military service and students were 
not available until after school closed. 

At Klamath Falls, Oreg., Dill (lOjp) reports it was possible to 
secure labor but that turnover was high. He hired three different 
crews between May 1 and May 27.    In June a small group of high 
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school students was hired. They contiDued to work until the close 
of the project and did a better job than local farm labor. 

In view of the difficulties experienced in obtaining labor when 
needed for the relatively small experimental plantings of 1943, it is 
doubtful whether a program of kok-saghyz rubber production of a 
size large enough to contribute significant quantities of natural 
rubber could have been undertaken without serious conflict with the 
wartime food production goals. 

The weeding requirements may be taken as an example of the 
peak labor demands. Knutson {ß^V) indicates that, in the Ked 
Hiver Valley, labor at the rate of \}{ persons per acre must be em- 
ployed to w^eed. In Michigan, Milnes {ßSp) working on very weedy 
peat soil suggests a minimum of 3 persons per acre for the first weed- 
ing and thereafter labor at the rate of 1% persons per acre can keep 
abreast of the job. Dent (9p) in Oregon, also operating on very 
weedy land, indicates that 3 to 4 weeders per acre must be employed. 

The farmer-contractor who handled the weeding job at Plainfield, 
Wis., had 60 laborers employed and it is understood he placed his 
entire crew on the kok-saghyz weeding job. This crew, averaging 
IK men per acre, was unable to keep abreast of the job and in 
some cases the weeds were 4 to 6 inches tall before being pulled. 
Part of this difficulty may be attributed to the fact that the farmer 
also had other crops to weed and there may have been some delay 
in reaching the kok-saghyz fields for the additional weedings. 

Coster (6j)) does not indicate the manpower requirements for 
Montana. He does indicate that weeding must start within 2 to 3 
weeks after seeding and be repeated at 2-week intervals. This 
would mean that each field must be covered within 12 working days. 

Based on the 1943 record and the opinion of those in close contact 
with the work, it is safe to assume that labor at a minimum of 1% 
persons per acre must be available during the peak of the weeding 
season. At Saginaw weeding was spread over a considerable period 
and even though more than IK man days per acre were employed, 
Milnes {28p) found it necessary to employ the crew 10 hours a day 7 
days a week. Even then he lost a portion of the seeded area because 
of weed growth. 

The manpower requirements for the various cultural and harvesting 
operations are so great that most rural areas could furnish only a small 
fraction of the total labor required to produce any considerable amount 
of kok-saghyz rubber. Production of enough kok-saghyz roots to 
keep an extraction plant in operation would require moving large num- 
bers of laborers into planting areas and providing the necessary 
housing;. 
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EQUIPMENT AND MATERIALS REQUIREMENTS 

In preparing the prospectus (48p) the project requirements for 
farm implements and critical materials were estimated as closely as 
possible on the basis of the very incomplete available information. 
The program was approved for 750 acres so that experimentation and 
research might be conducted on a field scale. 

In general, equipment supplied in accordance with the estimate 
was sufficient. However, during the course of the program it was 
found that the division of the total acreage into fields located at some 
distance from each other served to increase the requirements during 
particular seasons. Because of the many rainy days during the time 
when ground preparation and sowing were in progress, it was not 
possible to work all of the fields at exactly the proper time. One way 
to decrease the amount of equipment required for any large program 
would be to equip tractors with lights to permit 24 hour operation. 
Such lighting equipment was not available in 1943. 

In the development of any large program the expansion most likely 
would be gradual. It is anticipated that, ultimately, a total of about 
63,000 acres would have to be in production to supply a central extrac- 
tion plant (14p)- Presumably such a program would be contracted 
to a large number of farmers, each of whom would have some equip- 
ment available. However, each of these farmers would also have his 
own farm work to carry on so that his equipment could not always be 
made available at the proper time for kok-saghyz operations. 

It is assumed that the normal complement of farm tractors, plows, 
disks, harrows, and cultivators on farms in areas where kok-saghyz 
would be grown would partially fill the requirements of a large kok- 
saghyz program, but additional equipment would have to be pur- 
chased. 

Kok-saghyz production requires a fairly definite schedule of ground 
preparation, seeding, and cultivating. These operations cannot be 
delayed in order to plow and plant corn or other crops at the proper 
time. Ground preparation, for example, is a job that must be per- 
formed fully and completely in a careful manner to insure moisture 
capillarity and germination of the seed. To delay sowing when the 
ground has been prepared may make it necessary to do part of the 
preparation work over again. Moreover, if the area is not completely 
seeded immediately following preparation, an intervening rain may 
make repreparation necessary. 

The fact that kok-saghyz culture requires intensive operations 
within limited time periods and that the plant demands more cultiva- 
tion and attention than most other farm crops makes the equipment 
and material requirements for growing kok-saghyz appreciably higher 
than those for other crops. 
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The work of the project did not proceed far enough to provide any 
basis for accurate estimates of space and materials requirements for 
drying, storing, and processing roots. Such figures on equipment and 
materials requirements as are included in Wale's report (4^P) were 
based upon estimates for emergency production of kok-saghyz as an 
independent crop to produce the maximum amount of rubber in the 
shortest possible time during the critical period. These estimates are 
undoubtedly far higher than the requirements of any long term non- 
emergency operation which might be gradually fitted into the agri- 
cultural development and general economy of the region. 

Crops most likely to be displaced by kok-saghyz would be chiefly 
corn, small grains, potatoes, sugar beets, onions, table beets, carrots, 
and other vegetables. 

On the basis of information developed in 1943 and 1944, it is esti- 
mated that the unselected seed available would have been sufficient 
in amount to produce 20,000 tons of rubber on a total of from 300,000 
to 400,000 acres in one year. Actually such an extensive program 
was never given serious consideration. Such progress as has already 
been made in improvement of the plant would greatly reduce the 
acreage required. 

It appears probable that, for the country as a whole, kok-saghyz 
would not seriously displace any of the major food crops except pos- 
sibly in those localities which specialize in the production of potatoes, 
sugar beets, and similar crops. The impact of kok-saghyz production 
on food production is given further and more detailed consideration 
in Walley's report (43p). 



IMPROVEMENT OF THE PLANT 
INCREASED RUBBER YIELD 

The seed of kok-saghyz received from Russia and planted in this 
country in 1942 produced plants which showed variation, the extent 
and character of which revealed it to be, at least in part, hereditary in 
the case of root weight, root form, rubber content, seed size, leaf form, 
flowering habit, and other characteristics. 

The Russians had recognized the extent of this variability and its 
significance in relation to the problem of producing a vigorous high- 
yielding plant. Koroleva (20) reports that in a study of variation 
made in 1935 root weights in comparable plantings were found to 
range from 2 to 150 grams, rubber percentages from a trace tö 30 per- 
cent and seed weight from 0.25 to 0.80 gram per thousand. Ä selec- 
tion program, aimed toward improvement of the plant, was begun in 
that year. Selection was based mostly, first upon size of root, and 
then upon rubber percentage, although simultaneous selections based 
upon root size and rubber percentage were made. 

By the first method, four years' selection produced considerable 
improvement in average rubber content over the selected plants used 
as parents in the experiment. By 1940 two strains selected simul- 
taneously for root size, rubber percentage, and seed size produced roots 
with average weights of 24 and 25 grams, rubber percentages of 14.5 
and 15.5, and seed weighing 0.50 and 0.58 gram per thousand re- 

spectively. . . 
Koroleva also reports a program of mass selection on the basis ol 

flowering habit. It was discovered early that plants which did not 
flower in the first season generally produced heavier roots during the 
first growing season than those which flowered within 85 days of 
sowing. Rubber percentage was found to vary considerably in both 
groups, with the average so nearly equal that non-first-year-flowering 
plants yielded considerably more rubber per acre. Mass selection of 
second-year-flowering plants actually raised rubber production on a 
per acre basis considerably. Koroleva points out that failure to 
flower in the first year may be due to environmental factors as well 
as to the inherent characteristics of the plant. 

Koroleva also discusses variations in leaf shape as possibly related 
to root size, rubber content,  and other important characteristics. 
During the vegetative period there is considerable variation in the 
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successively formed leaves. As leaves are continually formed, ma- 
tured, and dropped off, the appearance of the plant undergoes a 
series of changes as to leaf shape. The extent of this change is less 
in plants which do not flower the first year than in those which do. 
In the first-year-flowering plants it is so great as to preclude the use of 
leaf shape as the principal character by which to select desirable 
plants. 

Among non-first-year-flowering plants Koroleva selected, at the end 
of the first season, two types which seemed most promising as to root 
weight and rubber content: (a) Plants with entire margins, (6) plants 
with sharply incised (jnnnately cleft, according to Koroleva) leaves. 
She indicates that the first group occurs seldom but that the progeny 
are rather uniform as to leaf shape. Mass selection of plants with the 
second leaf type isolated a population with a 16-percent rubber con- 
tent. 

Koroleva emphasizes that leaf form is in a large measure dependent 
upon density of the stand and other environmental conditions and that 
it is of limited use as a basis for selection. 

The observations of several other Russian investigators are re- 
viewed by Krotkov (SI). Their later work was directed less toward 
improvement of the plant by methods designed to isolate plants of 
superior hereditary constitutions and more toward the study of the 
effects of seed treatment, vernalization, and improvement of cultural 
methods. 

The seed which the Russians shipped to this country in 1942-1943 
was obviously not of improved strains. The nature of reproduction 
in kok-saghyz is such that it is quite possible that domestication of the 
plant and production of seed in large plantings without selection may 
have reduced the quality of the seed as compared with that originally 
selected from the wild. 

The tremendous genetic variation among the plants grown from this 
seed gives promise of startling results from a plant improvement 
program. Both selection and breeding, and a combination of the two, 
were begun in this country as soon as the nature of the plant had 
been well enough worked out to indicate the potentialities of and 
limitations to improvement, and the proper methods and procedures 
to be employed. The Florida plantings which are discussed elsewhere 
in this report were made primarily for the purpose of speeding up plant 
improvement operations by providing an additional generation each 
year. There was some hope that small plantings made in Chile and 
Argentina would serve the same purpose. While such work has been 
ou a limited scale, marked improvement of kok-saghvz can be expected 
within a few vears 
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Selection has been of both individual roots and classes for particular 
characteristics. Selections have been based on root size, root form, 
rubber content, flowering habit, and general vigor, in addition to other 
characteristics about which information is essential to a genetic study. 

The usual procedure of selection followed by crossing to combine 
desirable characteristics, selection of progeny, and stabilization of 
pure breeding strains is considerably complicated in kok-saghyz by 
the presence of self-sterility factors. A few plants, which are self- 
fertile, at least at certain periods, have been found and it may be that 
eventually self-fertility can be obtained in an otherwise desirable strain. 

Another possibility is the establishment m more or less permanent 
plantings of selected plants which when they cross will produce seed 
of desirable type. Such plantings could be established and main- 
tained by vegetative propagation. Proper selection of the parental 
types may give a considerable degree of hybrid vigor to seed from such 
plantings. 

A third possibility is-the use of seed from plantings made up of 
mass-selected or individually-selected plants having one or more of 
the desired characteristics. 

The vegetative cells of kok-saghyz have 16 chromosomes. The 
plant will cross only with other species of Taraxacum having the same 
chromosome number {^8). Unfortunately none of these species have 
any appreciable rubber content and nearly all of them have sterility 
factors. Tetraploid kok-saghyz has been produced by treating seeds 
or seedlings with colchicine and inducing doubling of chromosome 
number. Tetraploid plants so produced are reported to be larger and 
to have latex vessels of greater diameter, as well as heavier seed (/¡.O, 

However, tetraploids produced in this country by Warmke {65) 
showed generally decreased rather than increased rubber content. 
The existence of tetraploid kok-saghyz may open opportunities for 
crossing kok-saghyz with T. officinale and other vigorously growing 
dandelions which have the same chromosome number as these kok- 
saghyz tetraploids. 

This procedure has been looked upon as perhaps the best method 
of producing a plant with the vigor characteristic of native dandelions. 
Greatly increased vigor is a basic requirement in the improvement of 
kok-saghyz. If the vigor of the presently available medium rubber 
content strains could be raised to a moderate degree, yields per acre 
would be increased very materially even without further increase in 
rubber content. Furthermore, selection on the basis of vigor is a 
much easier operation and much more quickly productive of increased 
rubber yields than selections on rubber content or other characters 
which require detailed analysis. 



RUSSIAN  DANDELION 169 

One of the goals of the program directed toward the improvement 
of kok-saghyz is to secure a plant with a root habit which will confine 
the bulk of the rubber produced by the plant within the top 8 to 
10 inches of the soil, the depth at which recovery can reasonably be 
expected. Since much of the rubber is produced in the lower ends of 
the roots, this would seem to call for branched roots. Experience 
with the seed from Russia shows clearly that there are strains of kok- 
saghyz in which branching of the roots is an inherited character. 
While soil conditions and other environmental and cultural factors 
tend to modify root form, the problem of selecting the desired types 
appears to be a simple one. 

• Once improvement of the plant has produced strains with satis- 
factory root size and growth habits together with a relatively high 
rubber content, attention must be given to such factors as the rate 
and time of rubber synthesis as related to growth and planting and 
harvesting operations. 

SEED IMPROVEMENT 

Improvement of the seed is aimed toward insuring heavy yields 
of uniform, well-filled, viable seed. Both hereditary and environ- 
mental factors are concerned in the production of such seed. Koro- 
leva's (20) figures show considerable increase in average seed weight 
from the progeny of plants grown from selected heavy seed. 

Plants grown in Montana from the Russian seed produced heavier 
seed than those grown from the same source in Minnesota (34p). 
This heavier seed was tested in several localities and invariably pro- 
duced stronger plants. The size of the seed, the number of seeds per 
head, the number of seed heads per plant, all pointed to the environ- 
ment represented by the irrigated sections of the Missoula Valley of 
Montana as particularly favorable for seed production. 



EQUIPMENT DEVELOPMENT 

As has already been pointed out, most of the operations involved 
in the production of kok-saghyz in Russia were done by hand and with 
such farm tools as were available. Ramp (33p) gives diagrams and a 
description of a seed-collecting machine developed by Filippov. 
During the summer and fall of 1942 a trial machine was constructed 
in accordance with the Russian blueprints and tested at Cass Lake, 
Minn. 

It was obvious from the beginning that if kok-saghyz was to be 
fitted into American agriculture the various processes in its production 
would have to be carried out by mechanical means. Fortunately 
farms here are fairly adequately equipped with implements and ma- 
chinery necessary for most of the operations of kok-saghyz culture. 

Ground preparation required no particular adaptation or changes 
in existing farm equipment. 

As has been described earlier, sowing was accomplished mainly 
with Planet Junior seed drills after trials had proved them to be 
better adapted than several other types of drills. At Plainfield, Wis., 
seed drilling was contracted to the farmer-owner of the land who had 
a four-unit drill with side attachments for sowing fertilizer at the same 
time as the seed was sown. The drill was used for sowing carrots and 
onions and it performed satisfactorily with kok-saghyz. 

The project did not purchase fertilizing drills and broadcasting 
machines but depended on rental from farmers. Later it was found 
that adequate machinery was not always available and other methods 
of application had to be improvised. Fertilizer drills were used when 
obtainable, but grain drills and sugar-beet drills were substituted in 
some localities. In the Red River Valley of Minnesota there was a 
shortage of adequate machinery for spreading fertilizer and applica- 
tion was made with a lime spreader. At Saginaw a grain drill was 
used when the soil was dry enough, but finally it was necessary to 
resort to hand broadcasting on about 25 acres at slightly more than 
double the cost of machine application. 

Cultivation of kok-saghyz presented no special problems except 
the need for careful selection of tools and careful operation of more 
or less standard equipment to achieve cultivation close to the small 
plants. The problem of cultivating between closely-spaced rows was 
recognized by Ramp (33p) who developed special cultivating attach- 
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ments  for  this  purpose.    The  various  combinations  of  tools  and 
attachments which were used have already been described. 

The nature of the seed and seed production of kok-saghyz are 
such as to make seed collection a rather different problem from that 
encountered in other crops and to demand special machinery. 

A motor-propelled tw;orrrow seed collector was built by Aamodt of 
the Lake States Forest Experiment Station and sent to Beltsville, Md., 
in the winter of 1942-43 for study and comparison with the Russian 
machine. A newly designed experimental model was then constructed 
by Ramp, incorporating the best features of the Russian and the 
Aamodt machines. ,1     - 

This new machine was built to collect seed from four rows at one 
time. It was tested in Florida in March 1943 and certain changes 
and adjustments were made. Seventy of these machines were manu- 
factured for distribution to the production areas on the assumption 
that one machine would handle approximately 10 acres. Knutson 
{2^])) found that a maximum of 10 acres could be covered if the 
machine was operated at 3 miles per hour over ^-mile-long rows and 
on reasonably compact soil. 

These seed collecting machines were considered generally satis- 
factory, although operation revealed several deficiencies and sug- 
gested various improvements. The machines and the proposed 
alterations to them have been discussed in detail by Ramp (ßSp). 

The only special study in seed cleaning was one undertaken by 
Kluender {21p) at Saginaw, Mich. The fanning mills which were 
purchased for the project or which were borrowed from forest tree 
nurseries and used on the kok-saghyz project were clipper mills manu- 
factured by the A. T. Ferrell Co. of Saginaw. Officials of that firm 
were very cooperative and helpful in working out the problems of 
seed cleaning through selecting the proper screens and in adjusting 
the amount of air current used in the blowing process. 

As has been discussed by Wales in his report (^) various modi- 
fications of locally available equipment were utilized in threshing and 
cleaning the seed collected in 1943 and 1944. 

The nature of the kok-saghyz roots and the requirements of the 
processing operation seemed to call for the development of new 
machinery or the modification of root diggers designed for plants with 
different types of roots. The operation of the various experimental 
machines has been described in the section on root harvesting. Details 
of the construction of root harvesting machinery are given by Ramp 
(SSp) and Wales (J$p). 

726607—47- 



SAMPLING AND ANALYSES 
In order to have a satisfactory basis for determining root yields 

per acre the cooperation of the several agencies was requested in 
developing sampling techniques for the various experiments. The 
plans developed were followed in sampling for the calculation of 
root weight on a per acre basis and for analysis of rubber content. 
It is now recognized that there were more variables than anticipated, 
and the sampling was probably none too comprehensive and repre- 
sentative. Nonetheless, the results are indicative of the yields per 
acre under various conditions. 

The most accurate sampling was done in the large fields at Moor- 
head and Crooks ton, Minn., where conditions were reasonably stable 
and the soil fairly uniform throughout the fields. It was determined 
that 16 samples per 40-acre field, collected in accordance with a pre- 
viously determined sampling pattern, each sample consisting of plants 
from 5 linear feet of row, gave a reasonably accurate picture of yield. 

In studying the results of sampling it was noted that differences 
in density of plants per linear foot of row and the row spacings directly 
determined yields. Some of the factors affecting the density of 
stands are source of seed, sowing date, amount of seed sown per acre, 
depth of sowing, fertilizers used, weed growth and weeding damage, 
and cultivation damage. 

In experiments conducted by Zelmgraff (4ßp), Kluender (21 p), and 
Hurtt (18p) the plots were replicated and the samples and plots were 
staked soon after sowing. This technique provided for most satis- 
factory sampling. 

In connection with the sampling and the determination of the 
calculated weight of roots per acre, instructions were issued that the 
roots be topped at % inch above the crown, dug to an 8-inch depth, 
washed to remove adhering soil, dried of excess water, and weighed. 
Calculated yields were thus based upon the harvestable portion of 
the root, assuming 100 percent efficiency of the harvesting operation. 

The first sampling was done about the middle of September 1943 
to obtain some idea as to prospective root yields and the probable 
rubber content. The results were discouraging since the indicated 
yields were extremely small and considerably under the estimated 
average of 4,000 pounds per acre. The assays indicated low rubber 
content. 

Zehngraff Mßp) took a number of random samples in early Sep- 
tember and again in late October.    In every case the indicated yield 
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of the later samplings was more than double that determined some 
4JÍ to 6 weeks earlier. Knutson (24p) presents a table which shows 
the comparative weights indicated by the September and October 
sampling and confirms ZehngrafTs findings. 

Table 9, page 144, shows the calculated yields per acre on the 
various fields as of late October 1943. 

The spring 1944 analyses indicate little or no increase in rubber 
percentage from late fall to early spring (prior to any new growth). 
After new growth begins in the spring, analyses indicate that the 
rubber percentage is about 2 percent higher. Whether there is an 
actual increase of rubber or simply a reduction in the dry weight has 
not been determined. 

There is a further increase in rubber percentage in June before 
the "glove" is sloughed off. It is probable that this percentage 
increase represents an actual accumulation of rubber. Steinbauer 
(87p) has shown that stored substances are being replenished at this 
period in the life of the plant and sampling indicates that the weight 
of roots per acre increases approximately 50 percent over that of 
early spring. 

The results of the analyses of samples taken during 1943 and 1944 
are given in detail in Wales' report (42p). 



SUMMARY OF THE EXPERIMENTAL WORK 

The primary objective of the Emergency Rubber Project (kok- 
saghyz) was to determine, by actual production experience, whether 
the growing of kok-saghyz in this country as an emergency source 
of rubber was feasible. 

It was the general thought that a single season's effort would reveal 
the major problems. However, by midsummer of 1943 it was recog- 
nized that much of the essential information could not be secured by 
the close of that season. 

A continuing program of experimentation and research was out- 
lined. Such a program as part of the Emergency Rubber Project was 
not approved and liquidation not later than June 30, 1944, became 
necessary. 

A brief summary of what was learned about kok-saghyz and its 
culture during the period of active investigation, from May 1942 to 
June 1944, follows. 

Where the crop can be grown and soils required.—Studies indicate 
that kok-saghyz for root and rubber production can be grown best in 
Michigan, Wisconsin, and Minnesota. Areas in New England, New 
York, Montana, and Oregon were investigated extensively in 1942 
and 1943, but with inconclusive results. The results of indicator 
plantings suggested that a few other areas might be adaptable but 
that many are not. 

Best seed production was secured in the irrigated valleys of western 
Montana. 

Preliminary indications are that good root and fair seed crops can 
be produced on the muck lands of southern Florida during the winter 
months. 

It is apparent that kok-saghyz requires a good mineral soil, high 
in organic content, or a peat soil which has been cultivated for several 
years. Heavy soils, poorly drained areas, those excessively stony, 
or fields with slopes over 5 percent, have proved undesirable. The 
crop needs an unusually well-prepared seedbed. 

Some 18 soil types were tested in the Northern States and an addi- 
tional 7 soil types tested in the Southern States. 

Kok-saghyz failed as a crop in one field because the preponderate 
rogue population was not recognized, in another because of excess 
weeds, and in two others by reason of unfavorable weather conditions. 
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Other factors, including crusting of the soil, improper drainage, 
excess alkalinity, and flooding of fields, were responsible for partial 
failures. 

In 1943, 646 acres or 86 percent of the projected 750 acres was 
actually sown. Of the original sowings, 28 percent was lost for 
various reasons but 108 acres were reseeded although some of the 
reseeding was done too late to secure adequate root production by 
the close of the growing season. About 522 acres were brought 
through to harvest. This percentage of accomplishment compares 
favorably with the accomplishments of farmers with other crops in 
the area during the same season. 

Overwinter losses.—Data on overwinter losses in the North were 
obtained in the spring of 1944. Likewise, a study was made of the 
comparative value of fall seeding versus spring seeding. Wind erosion 
of the fall-seeded tracts was somewhat greater than anticipated. 
Further work should be done in determining how the fields can be 
left rough to reduce the effect of wind erosion. 

It was determined that roguing is necessary in second-year stands 
because of regrowth of roots cut off the previous year. 

Yields per acre—roots and rubber.—On the basis of samples rather 
than averages of field production, yields up to 7,900 pounds (green 
weight) of roots per acre have been recorded. Careful calculations 
place the average production from the seed stocks used at 4)000 tó 
5,000 pounds per acre on the basis of crops sown in the spring and 
harvested in the fall of the same year. When air-dried, the crop 
reduces to about 20 percent of its original weight. Laboratory 
analyses showed up to 7% percent rubber content of dried roots, the 
average being about 4K percent. Occasional samples ran above 7% 
percent. 

On the basis of the indicated average, yields were about 45 pounds 
of rubber per acre. Reports of fíussian production over large acreages 
indicate an average of 3,000 pounds of fresh roots yielding from 30 
to 60 pounds of rubber per acre. 

Whether there is an actual increase in rubber yield per acre from 
roots dug in the next spring following their seeding is not yet known. 
The high rubber content of samples of second-year roots analyzed 
suggests such a possibility. Rubber percentages from 6.0 to 9.3 
percent were recorded, but the yield per acre of the roots in the second 
spring was not determined. 

Root production in the South was fair, but the rubber content of 
Florida grown roots was somewhat low. Earlier seeding might bring 
atout increases jfcth in root volume and rubber content. 

Yields per acre—seed.—Small irrigated acreages in protected valleys 
in Montana produced at the rate of 14 pounds of seed per acre during 
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their first year and 150 pounds per acre the second season. Lake 
States seed production from first season plants was from 10 to 20 
pounds per acre, stepping up to 15 to 30 pounds per acre the second 
season. These figures compare with a reported maximum of 27 to 
30 pounds of seed per acre in Russian plantings. 

At locations in California and in Arizona, Texas, and Florida it was 
demonstrated that reasonably good seed yields could be secured for 
shipment north for planting in the same season. It should be noted 
that the overwinter production of seed applies only for the first-year- 
flowering plants, particularly in Florida, since the plants cannot be 
held over summer in that climate. 

Cultural methods.—Cultural methods were fairly satisfactorily 
worked out although many problems were not attacked. It was 
determined that methods used with field truck crops are generally 
satisfactory in handling kok-saghyz. However, the slow growth of 
this characteristically weak plant makes its culture difficult and more 
time- and labor-consuming than that of comparable crops. 

Machinery and equipment development .—Excellent progress was 
made in machinery development, partly by modifying standard at- 
tachments for cultivating. 

The root harvesting machine worked satisfactorily in light sandy 
soil, but not where the soil was very compact or wet. Under reason- 
ably heavy soil conditions in good weather the machine was approxi- 
mately 50-percent efficient. Experiments in using the weeding knives 
on the cultivator bar for topping led to a satisfactory solution of this 
problem. 

The pilot extraction mill was not completed during 1943 because 
of priority difficulties in securing necessary parts and equipment. 
However, extraction processes were worked out in considerable detail 
and roots were furnished the pilot plant as required for experimental 
work.    Little rubber was accumulated until the spring of 1944. 

Seed collection requiring, according to Russian papers, six to eight 
workers per acre per day during the seed-bearing season was simplified 
by the development of a four-row mechanical seed picker that in its 
first season testing collected 50 to 70 percent of available seed yet 
used only two workers per 12 acres. 

It was demonstrated that standard seed-cleaning mills can be 
readily adapted to the cleaning of kok-saghyz seed. However, dry- 
ing devices should be developed in order to dry the pappus to a brittle 
condition quickly so that the seed and pappus can be separated in a 
cottonseed hopper. In any large seed production program the drying, 
threshing, and cleaning operation should be developed as a continuous 
process with full provision to handle the dust and fine pappus par- 
ticles so that laborers will be able to work without respirators. 
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Rubber extraction.—A comparatively simple method for the recovery 
of rubber from kok-saghyz was developed. The method also calls 
for recovery of fermentable carbohydrates from fall-harvested roots, 
but not from spring-harvested roots as the carbohydrate content of 
the latter is too low to justify such recovery. The carbohydrates are 
recovered by countercurrent leaching with hot water and they may 
then be fermented to alcohol or other products. 

The extraction process consists of subjecting the roots to a hot 
water extraction process to soften the roots, and in the case of those 
harvested in the fall, to recover the carbohydrates. The roots thus 
softened are then pebble-milled with water to disengage plant tissues 
and to agglomerate the rubber. The slurry from this milling is 
diluted with water and passed over a vibrating screen which elimi- 
nates eve y thing except the rubber and some root "skins." A second 
pebble-milling with water frees the rubber from root "skins." The 
rubber is finally separated from the "skins" by flotation. It is then 
washed and an antioxidant incorporated. The rubber is finally 
dried in a through-circulation belt drier. 

Factory fabrication of tires and actual road tests showed that 
kok-saghyz rubber performs as satisfactorily as hevea rubber in the 
carcasses of heavy duty tires. Synthetic rubber is not satisfactory 
for this purpose. With our present limited knowledge on compound- 
ing of kok-saghyz rubber, its tread wear is slightly less than that of 
hevea rubber. Kok-saghyz rubber is much superior to that from 
guayule. 



PROPOSALS FOR FURTHER INVESTIGATIONS 

The seed stocks obtained from Russia were extremely heterogeneous, 
containing not only kok-saghyz showing wide ranges in rubber content 
and root size but also many rogues (dandelions with very little or 
no rubber). Elimination of these rogue plants brings about an 
appreciable increase in per acre yields. Roots selected for high 
rubber content show percentages running from 12 to 22 on a dry 
weight basis. Selection studies also indicate the possibility of greatly 
increasing individual root size. 

Increasing both root yields and rubber content significantly would 
require a selection and breeding program covering a period of many 
years. 

If increases in rubber content and root yield of kok-saghyz can be 
accompanied by marked improvement in the general vigor of the 
plant, economical production of the crop may become a distinct pos- 
sibility. 

If an attempt at commercial production of rubber from improved 
kok-saghyz plants is to be undertaken there should be further investi- 
gation of several problems which remaijied unsolved at the time the 
Emergency Rubber Project (kok-saghyz) was terminated. 

Climate and soil range.—The testing of soils in 1943-44 was nowhere 
near complete and was done under only one set of weather con- 
ditions, a wet, cold spring followed by a period of numerous heavy 
rains. Within the area now known to be favorable for production, 
further trials should be made and should include some of the lighter 
sandy loam soils as well as some of the heavier soils approaching the 
clay type which did not give good results during the very wet season 
of 1943. Particular attention should also be given to trials on various 
soils under somewhat different climatic conditions. 

Ground preparation.—There is no short cut to the use of the very 
best agricultural practices in preparing a fine seedbed for kok-saghyz. 
The full value of fall plowing and of summer fallowing has not been 
tested. 

In 1943 frequent heavy rains minimized the importance of main- 
taining capillarity and holding moisture near the surface in order to 
secure good germination.    Ground preparation and cultural practices 
for this purpose need further investigation. 
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Further experimental work in determining how best to leave the 
surface of the ground between the drilled rows so as to reduce the 
amount of soil movement by heavy winds is desirable. 

Seed storage.—Further investigation should be made of the storage 
of seed even though it has been shown that storage of seed with a 
moisture content of about 9 percent in sealed containers is good 
practice. Can seed be held in bags in a dry place from the period of 
collection to the next sowing season without material loss of vitality 
as is claimed by the Russians? 

Storage tests are being conducted by the Forest Service and will be 
continued for several years. Seed is being held in sealed and open 
containers at low temperatures and at ordinary fluctuating room 
temperatures. 

Seed treatment.—The need for presowing treatment has not been 
definitely established for seed of different ages and origins. It has 
been shown that chilling or soaking before sowing is a satisfactory 
means of breaking dormancy of the seed. It has not been determined 
how much the pretreated seed can be dried without inducing a return 
to dormancy, or whether there is any substitute for holding treated 
seed at a temperature close to freezing. Further attention should be 
paid to chemical methods of seed treatment to break dormancy. 

Spacing and density.—Further study should be made of various row 
spacings. Investigations should be based on the economy of cultiva- 
tion and weedings and the damage done by weeders, consider the 
reduced production secured from the wider spacing intervals and take 
into account the standard practices with other crops in the same 
region. 

The best density per linear foot of row under various conditions has 
not been fully determined. In most of the experimental production 
root yields increased with the number of plants per linear foot. 
Indications were that 15 to 35 plants per linear foot might represent 
the optimum density of stands. 

Seed collection.—Further study should be made of the economics of 
collecting seed throughout the period of seed production or simply 
during the period of maximum production, and the comparative cost 
and effectiveness of two daily pickings compared with one should be 
studied. Seed pickers must be made more durable, more easily 
adjusted in height and gauge, and more efficient. 

Vegetative propagation.—Vegetative propagation should be investi- 
gated further. The cost of establishing stands by this means may be 
justified by reduction in the cost of preparing the soil and planting 
the material and the securing of a sufficiently dense stand of plants 
which grow more vigorously. 
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Cultivation and weeding.—Increased efforts should be made in 
every direction likely to reduce weeding. The possibility of using 
chemical weeding controls should be given further consideration. 

Insect and disease problems.—With the development of any large 
scale production of kok-saghyz careful observations should be made 
to insure early recognition of any diseases or insects liable to become 
serious pests and to develop control measures where possible. 

Root harvesting.—The economics of harvesting roots at various 
seasons should be further studied. Particular attention must be 
given to the time of harvesting in relation to rubber accumulation, 
storage in the plant of usable byproducts, seed production, and the 
demands of year-long processing operations. 

Additional work is required in developing harvesting machinery 
that can top, lift, clean, and collect roots in a single mechanical 
operation. 

Root storage.—-Storage of fresh and dried roots should be studied 
further, with particular relation to the extraction process and the 
products to be extracted. Study should be made of the proposal that 
roots be ensiled as a means of storage. 

Adequate drying and storage facilities and processes must be de- 
veloped in relation to year-round mill operations. It is essential to 
recognize that such a development must be on an extremely large 
scale with complete mechanization of handling phases. 

The possibility of crushing fresh roots prior to drying or developing 
other mechanical or chemical means of reducing bulk and partially 
processing roots before storage should be investigated. 

Extraction.—Further study of the extraction process should be made 
to effect simplification, reduce costs, and to adapt it to the utilization 
of both fresh and stored roots and to the variation in form, composi- 
tion, and incidental contamination which will inevitably occur in any 
large scale agricultural enterprise. 

Testing, fabrication, and utilization.—While the preliminary tests 
were not extensive, they indicate that kok-saghyz rubber is the best 
available natural rubber substitute for hevea rubber. Tires made 
from it proved entirely satisfactory. 

Prior to any large-scale commercial production, further tests 
should be made to determine the extent of its usefulness. Concur- 
rently, experimentation should be conducted to determine the formulas 
and process modifications which will yield the most satisfactory 
results. 

Attention should also be given to the possibility of modifying the 
extraction process or adding operations designed to improve the 
quality of the hydrocarbon extracted. 



THE   POTENTIAL   VALUE   OF   KOK-SAGHYZ   AS   A 
DOMESTIC SOURCE OF NATURAL RUBBER 

The experience of the Emergency Rubber Project (kok-saghyz) 
has demonstrated clearly that kok-saghyz represents a source of 
excellent natural rubber aod holds good possibilities for the production 
of natural rubber within the borders of the United States. 

Further, the plant can be grown as a crop over a large area within 
this country by simply adapting cultural procedures used with other 
crops and developing machinery to mechanize its handling. 

However, the cost of growing kok-saghyz from the seed stocks 
available in 1943-44 makes its use inadvisable except in the most dire 
emergency. 

Any future use of the plant as a crop depends upon great improve- 
ment in its vigor, size, and rubber content. Such improvement can 
be made over a period of 8 to 10 years with relatively little difficulty 
and without the expenditure of great sums of money. 

The hereditary background of kok-sghyz and its reproductive 
characteristics lend themselves readily to a program of plant improve- 
ment and give promise of very substantial gains. From what has 
been done with other crop plants less favorably endowed with heredi- 
tary variability and with reproductive characteristics much more 
limiting in regard to selection and breeding, it can be conservatively 
estimated that improvement yielding as much as a tenfold or twelve- 
fold increase in rubber production per acre can be expected. 

Inasmuch as great improvement of the plant is the key to its pos- 
sible exploitation as a domestic rubber crop and since such improve- 
ment may be expected to modify markedly the details of its culture, 
continued experimentation can only be justified on the basis of its 
direct contribution to such plant improvement. 

A more vigorous, higher yielding kok-saghyz plant can come only 
as the product of a planned program of selection and breeding. Some 
progress in selection and breeding has already been made but any 
considerable future progress depends upon developing a broader 
foundation of knowledge of the biological characteristics of the plant 
upon which to build a properly oriented improvement program. 

Taraxacum kok-saghyz has been known for only slightly more than a 
decade. Except for some work by Russian investigators indicating 
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that it crosses readily with certain other species, no examination of its 
position as a species or its relations to other species has been made. 
Knowledge of these relations may be of importance since many other 
species of Taraxacum possess characteristics which would be of great 
value in a plant being exploited as a commercial source of rubber. 
Familiarity with the many species of Taraxacum and their geographical 
distribution might reveal other characteristics of significance and 
possibly shed light upon the origin of the rubber-bearing species, 
kok-saghyz. 

Successful culture of kok-saghyz demands a plant with growth 
characteristics which make possible easy cultivation and harvesting. 
The extent of hereditary control of general growth habits, vigor, top 
and root form, and the effect of environmental factors upon these 
characteristics must be worked out in detail. Knowledge of the 
anatomy of the plant and the formation and development of the latex 
system may indicate paths which should be followed in attempting to 
increase rubber content. 

One of the most distinctive characteristics of the present stocks 
of kok-saghyz is the extreme variability in leaf form, not only among 
plants but in the same plant at difterent stages in its development. 
This variability should be studied carefully to permit segregation of 
strains and to determine whether there is correlation between any 
particular leaf shapes and desirable or undesirable characteristics so 
that such leaf shapes could be used as tags in selection and breeding. 
The effect of different environments on such leaf variations would 
also have to be determined. 

The variability in leaf form is almost matched by variability in 
reproductive habits. Within what are commonly accepted as the 
species limits are found plants which flower during the first season 
after planting, others which do not flower until the second season; 
some which flower almost continuously, others which appear to have 
definite cycles of flowering; self-sterile plants which never set seed 
to their own pollen, others which are at least partially self-fer tile. 
The significance of these variations and their usefulness in a practical 
improvement program can be resolved only by careful study. 

The maximum improvement of kok-saghyz as a rubber-producing 
plant depends upon gaining knowledge regarding the formation of 
latex and rubber and their role in the life of the plant. Despite the 
fact that latex occurs in hundreds of species of plants, in many differ- 
ent families and of widely varying origins, its role is still unknown. 
The function of rubber, a principal constituent of latex, also remains 
undetermined, as does the method of its synthesis and its exact chemi- 
cal nature. 
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Kok-sagliyz, being an easily handled herbaceous plant and produc- 
ing large amounts of rubber-bearing latex in a readily accessible vessel 
system, and lending itself admirably to experimental work, presents 
a peculiarly favorable opportunity for study of fundamental problems 
of latex and rubber synthesis and their relations to other processes 
in the development of the plant.* 

Fruitful investigations of such a plant may thus add considerably 
to the storehouse of knowledge of essential information concerning 
rubber formation in plants, in addition to pointing the way for the 
improvement of kok-saghyz itself as a source of rubber. 



LITERATURE CITED 
(1) ANONYMOUS. 

1940. POSEV KOK-SAGYZA POD ZIMU. [SOWING OF KOK-SAGHYZ BEFORE 

WINTER.]* 
1 Sots. Zeml., Nov. 3. [Emer. Rubber Proj., 

Forest Serv. Rpt. 3.] 

(2) ALTUKHOV, M. K. 

1939. OSNOVNYE ITOGI I OCHERÏM3NYE ZADACHI OSVOENIIA SOVIETSKIKH 

KAUCHUKONOSOV. [SUMMARY OF THE RESULTS OBTAINED SO 

FAR AND THE IMMEDIATE PROBLEMS BEFORE US IN THE FIELD 

OF    THE    SOVIET    RUBBER-BEARING    PLANTS.]*      Sots.     Sel'skoe 

Khoz. 1:  120-127.    [Emer. Rubber Proj., Forest Serv. Rpt. 2.] 

(3)  
1939. NASH KAUCHUK NE KHUZHE IMPORTNOGO. [OUR RUBBER IS NOl 

INFERIOR TO THE IMPORTED PRODUCT.]*      Sots.  Zeml.,  Sept.   17. 

[Emer. Rubber Proj., Forest Serv. Rpt. 1.] 

(4) ARTSCHWAGER, E., and MCGUIRE, R. C. 

1943. CONTRIBUTION TO THE MORPHOLOGY AND ANATOMY OF. THE 

RUSSIAN   DANDELION   (TARAXACUM   KOK-SAGHYZ).      IT.   S.   Dept. 
Agr. Tech. Bui. 843, 24 pp. 

(5) BARUCH, B. M., CONANT, J. B., and COMPTON, K. T. 

1942. REPORT OF THE RUBBER SURVEY COMMITTEE, pp. 1-75. Wash- 

ington, D. C.    [Emer. Rubber Proj., Forest Serv. Rpt. 106.] 
(6) BLOKHINTSEVA, I. I. 

1939. OPREDELENIE POKAZATELIA PRELOMLENIIA KAUCHUKOVOGO KOM- 

PLEKSA S POMOSHCH'IU MIKROSKOPA. [DETERMINATION OF THE 

REFRACTION INDEX OF CRUDE RUBBER BY MEANS OF A MICRO- 

SCOPE.] In Biochemistry and Physiology of Rubber-Bearing 

Plants. Collection of papers No. 2, ed. by A. A. Nichiporovich 

and A. A. Prokof'ev, pp. 156-167. 

(7)  
1939. K ANATOMII I MIKROKHIMII KOK-SAGYZA. [ANATOMY AND MICRO- 

CHEMISTRY OF KOK-SAGHYZ.] In Biochemistry and Physiology 

of Rubber-Bearing Plants. Collection of papers No. 2, ed. 

by A. A. Nichiporovich and A. A. Prokof'ev, pp. 56-70. 

(8) 

(9) 

(10) 

1940.   OBRAZOVANIE KAUCHUKA U KOK-SAGYZA.      [FORMATION OF RUBBER 

IN KOK-SAGYZ.]    Vestnik Sel'sko-khoz. Nauki, Tekhn. Kul'tury 

3: 50-56. 

1940. STRUKTURNYE I KHIMICHESKIE IZMENENIIA V KORNIAKH KOK- 

SAGYZA PRI KHRANENII. [STRUCTURAL AND CHEMICAL CHANGES 

IN     KOK-SAGHYZ     ROOTS     DURING     THEIR     STORAGE.]      Vestnik 

Sel'sko-khoz. Nauki, Tekhn. Kul'tury 5: 73-77. 

1940. OBRAZOVANIE KAUCHUKA U KOK-SAGYZA KAK RESUL'TAT ZHIZ- 

NEDEIATEL'NOSTI MLECHNYK SOSUDOV. [FORMATION OF RUB- 

BER IN   KOK-SAGHYZ AS A RESULT OF THE  FUNCTIONING OF THE 

LATEX  VESSELS.]    Acad.   Sei.  URSS Sei.   Ser.   Biol.   Bul.   4: 

608-613. 

i Translations of papers marked with an asterisk are available in the Library of the Department of Agri- 
culture, Washington, D. C. 

184 



RUSSIAN  DANDELION 185 

(11) BORTHWICK, H. A., PARKER, M. W., and SCULLY, N. S. 
1943.   EFFECTS   OF   PHOTOPERTOD   AND   TEMPERATURE   ON   GROWTH   AND 

DEVELOPMENT    OF    KOK-SACHYZ.    Bot.    Gaz.    105:  100-107. 

[Emer. Rubber Proj., Forest Serv. Rpt. 108.] 
(lia) BRANDES, E. W. 

1942. RUBBER FROM THE RUSSIAN DANDELION.    Agr. in the Americas 
2: 127-131, illus. 

(12) CROSSLAND, S. T. 
1945. REPORT ON THE RUBBER PROGRAM 1940-1945. 87 pp. (Rubber 

Reserve Co.) Washington, D. C. [Emer. Rubber Proj., 
Forest Serv. Rpt. 114.] 

(13) DROBKOV, A. A. 
1941. EFFECT OF RADIOACTIVE ELEMENTS (RA) AND RARE EARTHS (TR) 

UPON YIELD AND RUBBER CONTENT OF KOK-SAGHYZ. Acad. 
Sei. URSS Compt. Rend. (Dok.) 32: 667-668. [Emer. Rub- 
ber Proj., Forest Serv. Rpt. 5.] 

(14) ELKIN, S. I. 
1939. ZADACHI   V   OBLASTI  KAUCHUKONOSOV.      [PROBLEMS  IN   THE   FIELD 

OF RUBBER-BEARING PLANTS.]* Kauchuk i Rezina 4-5: 7-10. 
[Emer. Rubber Proj., Forest Serv. Rpt. 6.] 

(15) FILIPPOV, D. I. 
1941.   NEKOTORYE   VOPROSY   SELEKTSII   KOK-SAGYZA.      [SOME   PROBLEMS 

IN THE SELECTION OF KOK-SAGHYZ.]    ÍArovizatsiía   3: 21-28. 
(16) IGNAT'EV, A.  M., UZINA, R. B., and EROFEEV, L. D. 

1940. KHRANENIE KORNEI KOK-SAGYZA I POLUCHENIE LATEKSA.      [STOR- 

AGE    OF    KOK-SAGHYZ    ROOTS    AND    EXTRACTION    OF    LATEX.]* 

Kauchuk i Rezina 1: 30-33. [Emer. Rubber Proj., Forest 
Serv. Rpts. 13 and 14.] 

(17) KALINKEVICH, A. F. 
1939. VLIIANIE AZOTISTO-KAL1ÏNOGO PITANIIA NA UGLEVODNYÏ OBMEN 

KOK-SAGHYZ. [THE EFFECTS OF NITROGEN AND POTASH NUTRI- 

TION    ON    THE    CARBOHYDRATE    METABOLISM    OF    KOK-SAGHYZ.] 

Biokhimna 4: 381-391. 

(18) KOGAN, L. M. 
1939. TEKHNOLOGIIA IZVLECHENIIA  NATURAL'NOGO  KAUCHUKA.      [TECH- 

NOLOGY     OF     EXTRACTING     NATURAL     RUBBER.]*      Kauchuk     i 

Rezina 8: 31-34.    [Emer. Rubber Proj., Forest Serv. Rpt. 15.] 

(19) KOROLEVA, V. A. 
1940. BIOLOGICHESKIE   OSOBENNOSTI   KOK-SAGYZA   I   ZASORIAIUSHCHIKH 

EGO PLANTATSIÏ NEKAUCHUKONOSNYKH ODUVANCHIKOV. [BIO- 

LOGICAL PECULARITIES OF KOK-SAGHYZ AND OF THE NON-RUBBER- 

YIELDING DANDELIONS INFESTING IT.]* Soviet Plant Industry 
Record 2: 12-31.    [Emer. Rubber Proj., Forest Serv. Rpt. 16.] 

(20) — 
1940.   O  ROLI   OTBORA   U  KOK-SAGYZA.      [ON  THE  ROLE   OF  SELECTION  IN 

KOK-SAGHYZ.]* Lenin Acad. Agr. Sei. USSR Proc. 13: 3-6. 
[Emer. Rubber Proj., Forest Serv. Rpt. 17.] 

(21) KROTKOV, G. 
1945.   A REVIEW OF LITERATURE ON TARAXACUM KOK-SAGHYZ ROD.    Bot. 

Rev. 11: 417-461. 



186       MISC.   PUBLICATION   618,   U.  S.   DEPT.   OF  AGRICULTURE 

(22) KUZ'MIN, S., and RECHITS, A. 

1935. KOK-SAGHYZ NA RAZLICHNOÏ VLAZHNOSTI POCHVY. [KOK-SAGHYZ 

ON    SOILS   WITH   DIFFERENT    WATER    CONTENT.]       Sovet.    KaU- 
chuk 2: 10-16. 

(23) LEBEDEVA, A. P. 

1939. O PERIODE LETNEGO POKOIA U DVUKHLETNEGO KOK-SAGYZA.      [ON 

THE PERIOD OF SUMMER REST IN THE TWO-YEAR-OLD KOK- 

SAGHYZ.] In Biochemistry and Physiology of Rubber-Bearing 

Plants. Collection of papers No. 2, ed. by A. A. Nichiporovich 

and A. A. Prokof'ev, pp. 89-98. 

(24) LIPSCHITZ, S. I. 

1934. NOVlï KAUCHUKONOSNYÏ ODUVANCHIK TARAXACUM KOK-SAGHYZ. 

[A NEW RUBBER PLANT OF KAZAKHSTAN, THE TARAXACUM KOK- 

SAGHYZ.] Rubber and Guttapercha Res. Inst., 123 pp. 
Moscow. 

(25) LIUBICH, V. S. 

1942.   PODZIMNIÏ   POSEV   KOK-SAGYZA.      [FALL   SOWING   OF   KOK-SAGHYZ.] 

6 pp.    Moscow. 

(26) LIUBIMENKO, V. N., and RUBINOV, K. M. 

1929. O PREVRASHCHENIIAKH RASTVORIMYKH UGLEVODOV V KORNIAKH 

ODUVANCHIKA V SVIAZI S RAZVITIEM RASTENIIA. [ON THE 

TRANSFORMATION OF SOLUBLE CARBOHYDRATES IN THE DANDE- 

LION   ROOTS,   AS   RELATED   TO   THE   DEVELOPMENT   OF   A   PLANT.] 

Izvestha Glav. Bot. Sada 28: 357-367. 

(27) LYSENKO, T. D. 

1941. ESHCHE RAZ O POLUCHENII KHORORSHIKH VSKHODOV KOK-SAGYZA. 

[ONCE   MORE   REGARDING   THE   PROBLEM   OF   OBTAINING   A   GOOD 

SEEDLING STAND OF   KOK-SAGHYZ.]*    Lenin Acad. Sei. USSR 

Proc. 9: 3-6.    [Emer. Rubber Proj., Forest Serv. Rpt. 22.] 

(28)  

1941. KHOROSHIE VSKHODY KOK-SAGYZA-ZALOG VYSOKOGO UROZHAIA. 

[GOOD   GERMINATION   OF   KOK-SAGHYZ   AS   THE   BEST   ASSURANCE 

OF GOOD CROPS.]*    Lenin Acad. Agr. Sei. USSR. Proc. 8: 3-7. 

[Pravda 72   (1942):  5.]    [Emer.  Rubber Proj.,  Forest  Serv. 
Rpt. 23.] 

(29)  MASHTAKOV, S. M. 

1938. QUALITATIVE CHANGES OF RUBBER AND RESINS IN KOK-SAGHYZ 

ROOTS IN THE  COURSE  OF THE  PLANT DEVELOPMENT.  Acad.  Sei. 

URSS.    Compt. Rend. (Dok.)  19: 307-309.    (Emer. Rubber 

Proj., Forest Serv. Rpts. 24 and 25.] 

(30)  

1940. KHIMICHESKIE     IZMENIIA     V    "CHEKHLE"     DVUKHLETNEGO      KOK- 

SAGYZA.      [CHEMICAL    CHANGES    IN    THE   "GLOVE"    OF    A    TWO- 

YEAR-OLD  KOK-SAGHYZ.]    Lenin  Acad.   Agr.  Sei.  USSR Proc. 
12: 11-14. 

(31)  
1940. NAKOPLENIE KAUCHUKA I SMOL U KOK-SAGYZA. [ACCUMULATION 

OF    RUBBER    AND    RESINS    IN    KOK-SAGHYZ.]      Vestllik    Sel'sko- 

khoz.    Nauki, Tekhn.    Kul'tury 3: 38-49. 



RUSSIAN  DANDELION 187 

U32)  MEYER, B. S. 
1945. EFFECTS    OF   DEFICIENCIES   OF   CERTAIN    MINERAL   ELEMENTS   ON 

THE  DEVELOPMENT  OF TARAXACUM  KOK-SAGHYZ.      Amei.  Jour. 

Bot. 32: 523-528. [Emer. Rubber Proj., Forest Serv. Rpt. 

102,] 

(33) MEYER, B. C- 
1946. EFFECTS OF VARIOUS CONCENTRATIONS OF BORON ON THE DEVELOP- 

MENT   OF   TARAXACUM   KOK-SAGHYZ   IN   SAND   CULTURE.      Amer. 

Jour. Bot. 33: 204-209. [Emer. Rubber Proj., Forest Serv. 

Rpt. 109.] 

(34) MIKHAILOV, N. N. 
1941. VLIIANIE IZVESTKOVANIIA POCHVY NA UROZHAÏ KORNEÏ KOK- 

SAGYZA. [EFFECTS OF SOIL LIMING ON THE YIELD OF KOK- 

SAGHYZ ROOTS.]* Lenin Acad. Agr. Sei. USSR Proc. 7: 41-44. 

[Emer. Rubber Proj., Forest Serv. Rpt. 28.] 

(35)  
1941. ROLE OF PHOSPHATES IN THE EARLY PHASES OF GROWTH AND 

DEVELOPMENT    OF    KOK-SAGHYZ.      Acad.    Sei.    URSS.      Compt. 

Rend. (Dok.) 32: 664-666. [Emer. Rubber Proj., Forest 

Serv. Rpt. 29.] 

(36) MILNER, E. 
1939. STAKHANOVSKAIA    AGROTEKHNIKA    KOK-SAGYZA. [STAKHANOv's 

METHODS   OF   GROWING   KOK-SAGHYZ.]*      Sots.    Zeml.,   Sept.   17. 

[Emer. Rubber Proj., Forest Serv. Rpt. 30.] 

(37) MOYER, L. S. 
1937.   RECENT  ADVANCES  IN  THE   PHYSIOLOGY  OF  LATEX.      Bot.   Rev.   3: 

522-544. 

(38) MYNBAEV, K. 
1940. VOZRASTNAIA   IZMENCHIVOST'   KOK-SAGYZA.      [CHANGES   WITH   THE 

AGE OF KOK-SAGHYZ.] Vestnik Sel' sko-khoz. Nauki, Tekhn. 

Kul'tury 5: 58-62. 

(39)  
1940. O  VEGETATIVNOM  RAZMNOZHENII  KOK-SAGYZA.      [ON  THE  VEGETA- 

TIVE PROPAGATION OF KOK-SAGHYZ.]* Selek. i Semen. 1: 41-42. 

Vestnik Socialisticheskogo Rasteinivodstva 1: 60-62. [Emer. 

Rubber Proj., Forest Serv. Rpts. 32 and 34.] 

(40) NAVASHIN, M. S., and GERASSIMOVA, HELEN. 

1941. PRODUCTION OF  TETRAPLOID  RUBBER-YIELDING  PLANT, TARAXA- 

CUM KOK-SAGHYZ ROD. AND ITS PRACTICAL BEARING.      Acad. Sei. 

URSS. Compt. Rend. (Dok.) 31: 43-46. [Emer. Rubber 

Proj., Forest Serv. Rpt. 35.] 

(41) NEUMAN, G. B. 
1941. VLIIANIE USLOVIÏ KUL'TURY NA KACHESTVO KAUCHUKA V KOR- 

NIAKH   KOK-SAGYZA.      [EFFECT     OF     CULTIVATION      UPON     THE 

QUALITY OF GUM IN KOK-SAGHYZ ROOTS.]*    Lenin Acad. Agr. 

Sei. USSR Proc. 9: 12-13.    [Emer. Rubber Proj., Forest Serv. 

Rpt. 39.] 
(42) and DOBROVOL'SKAIA, N. 

1940. NAKOPLENIE KAUCHUKA PRI KHRANENII KOK-SAGYZA. [AC- 

CUMULATION OF RUBBER IN KOK-SAGHYZ DURING ITS STORAGE.)* 

Lenin Acad. Agr. Sei. USSR Proc. 22: 29-32.    [Emer. Rubber 

Proj., Forest Serv. Rpt. 36.] 

726607-47 13 



188       MISC.   PUBLICATION   618,   IT.   S.   DEPT.   OF   AGRICULTURE 

(43) — and SOSNOVETS, A. A. 

1941.   O    LETNOM    POKOE    KOK-SAGYZA.      [SUMMER    DORMANCY    OF    KOK- 

SAGHYZ.]*    Lenin   Acad.    Agi.   Sei.   USSR   Proc.   2:   15-17. 
[Emer. Rubber Proj., Forest Serv. Rpt. 37.] 

(44)  NICHIPOROVICH, A. A. 

1943.   ON THE  INTEGRITY OF LATEX VESSEL  SYSTEM IN  KOK-SAGHYZ  A^D 

KRiM-sAGHYz.    Acad.  Sei.  URSS    Compt.  Rend.   (Dok )  40- 
245-247. 

(45) and BOUROVAYA, V. N. 

1938. RUBBER   ACCUMULATION   IN   KOK-SAGHYZ   AS   A   FUNCTION   OF   ITS 

BIOLOGICAL    MATURING    PROCESS.      Acad.    ScL    URSS    Compt. 
Rend.  (Dok.)   19 (4): 311-314.    [Emer. Rubber Proj., Forest 
Serv. Rpt. 38.] 

(46) ancj BOUROVAYA, V. N. 

1939. DINAMIKA    PITANIIA    I    RAZVITIIA    KOK-SAGYZA.      [THE    DYNAMICS 

OF     KOK-SAGHYZ     NUTRITION     AND     DEVELOPMENT.]      In     BÍO- 

chemistry  and  Physiology  of  Rubber-Bearing  Plants.    Col- 
lection of papers No. 2, ed. by A. A. Nichiporovich and A. A. 
Prokofev, pp. 5-29. 

(47) OSTAPENKO, L. A., and VASSILJEVA, N. G. 
1941.   ANATOMICAL   PECULIARITIES    OF   DIPLOID    AND    POLYPLOID    FORMS 

OF     THE     RUBBER-YIELDING     PLANT     TARAXACUM     KOK-SAGHYZ 

ROD.    Acad. Sei. URSS Sei. Ser. Biol. Bul. 2: 309-331. 
(48) PODDUBNAJA-ARNOLDI, V., and DIANOVA, V. 

1939.   DEVELOPMENT    OF    POLLEN    AND    EMBRYO    SAC    IN    INTERSPECIFIC 

,,. HYBRIDS  OF  TARAXACUM.    Acad.   Sei.   URSS   Compt    Rend 
(Dok.) 24: 274-377. 

(49) POLOVENKO, I. S., et al. 

1943. AGROTEKHNIKA KOK-SAGYZA. [CULTIVATION OF KOK-SAGHYZ.]* 

3rd ed. pp. 1-72. Moscow. [Emer. Rubber Proj., Forest Serv 
Rpt, 40.] 

(50) POPLAVSKY,  A. 

1939.   NOVYÏ  SPOSOB  VYSEVA  SEMIAN  KOK-SAGYZA.      [A NEW  METHOD  OF 

SOWING KOK-SAGHYZ.]* Sots. Zeml., Apr. 26. [Emer. Rubber 
Proj., Forest Serv. Rpt. 41.] 

(51) POPTSOV, A. 

1935. K VOPROSU O METODIKE OPREDELENIIA VSKHOZHESTI KOK-SAGYZA. 

[DETERMINATION OF THE PERCENTAGE OF GERMINATION IN KOK- 

SAGHYZ SEEDS.]* Sovet. Kauchuk 1: 13-18. [Emer. Rubber 
Proj., Forest Serv. Rpt. 42.] 

(52) PROKOF'EV, A. A. 

1936. ANALIZKAUCHUKONOSNYKHRASTENII.      CHAST'PERVAIA.      METODY 

MICROSKOPICHESKOGO ANALIZA. [ANALYSES OF RUBBER-BEAR- 

ING   PLANTS.      PART  I.   MICROSCOPICAL   METHODS   OF  ANALYSES ] 
1936, pp. 69-81.    Moscow. 

(53) — et al. 

1939. RASPREDELENIE KAUCHUKA V KORNEVOÏ SISTEME KOK-SAGYZA. 

[DISTRIBUTION OF RUBBER IN THE ROOT SYSTEM OF KOK-SAGHYZ.] 

In Biochemistry and Physiology of Rubber-Bearing Plants. 
Collection of papers No. 2, ed. by A. A. Nichiporovich and A. A. 
Prokof'ev, pp. 30-43. 



RUSSIAN  DANDELION 189 

(54) RODIN, L. E. 
1933. TAXONOMIC     DESCRIPTION     OF     TARAXACUM     KOK-SAGHYZ.      Acta 

Instituti Botanici Academiae Scientiarum, Ser. I, fase. 1: 

187-189.   [Emer. Rubber Proj., Forest Serv. Rpt. 43.] 

(55) RUDENSKAJA,  B. 
1934. RAZVITIE  KAUCHUKOVOGO   CHEKLA  NA  KORNIAKH  KAUCHUKONOSA 

TARAXACUM. [THE DEVELOPMENT OF A "GLOVE" CONTAINING 

RUBBER ON THE ROOTS OF A RUBBER-BEARING PLANT TARAXA- 

CUM.]* Sovet. Kauchuk 6: 24-27. [Emer. Rubber Proj., 

Forest Serv. Rpt. 44.] 

(56) RUDENSKAYA,   S.   J. 

1938. DEVELOPMENT   OF   THE   LATEX   VESSELS   SYSTEM   AS   A   FACTOR   OF 

RUBBER    ACCUMULATION    IN    KOK-SAGHYZ   ROOTS.      Acad.     Sei. 

URSS Compt. Rend.  (Dok.)  20: 399-403. 

(57) SANOTSKAIA, E. D. 
1940. K   voPROsu   o   MINERAL'NOM   PITANII   KAUCHUKONOSOV.    [ON 

THE    SUBJECT    OF    MINERAL    NUTRITION    OF    RUBBER-BEARING 

PLANTS.]    Khim. Sel'sk Zeml., 10: 23-28. 

(58) SAVCHENKO, N. L. 
1940.   ENTWICKLUNG    UND    ANORDNUNG    DES    MILCHSAFTGEFASSYSTEMS 

BEI     TARAXACUM     KOK-SAGHYZ.      Acad.      Sei.      URSS     Compt. 

Rend. (Dok.) 27: 1052-1055. 

(59) SKABRILOVICH, T. S. 
1940.   NEMATODNYE  BOLEZNI KAUCHUKONOSA KOK-SAGYZA.      [NEMATODE 

DISEASES     OF     THE     RUBBER-BEARING     PLANT     KOK-SAGHYZ.]* 

Lenin Acad. Agr. Sei. USSR Proc. 23-24: 47-49. [Emer. 

Rubber Proj., Forest Serv. Rpt. 46.] 

(60) TAKUSHIN, I. 
1939. VOPROSY  KAUCHUKOVODSTVA.    [PROBLEMS  IN  RAISING  RUBBER- 

BEARING PLANTS.]* Sots. Zeml., Jan. 12. [Emer. Rubber 

Proj., Forest Serv. Rpt. 48.] 

(61) TIKHOV, L. 
1940. KHRANENIE KORNEÏ I BIOLOGICHESKAIA PODGOTOVKA KOK-SAGYZA. 

[STORAGE      AND      BIOLOGICAL      PREPARATION      OF      KOK-SAGHYZ 

ROOTS.]* Kauchuk i Rezina 6: 85-86. [Emer. Rubber Proj., 

Forest Serv. Rpt. 49.] 

(62) UNION OF SOVIET SOCIALIST REPUBLICS, GOVT. OF 

1941. O    MEROPRIIATIIAKH    PO    RASSHIRENIIU    POSEVOV   I    POVYSHENIIU 

UROZHAÏNOSTI KOK-SAGYZA. [ON THE MEASURES TO EXPAND 

THE   PLANTINGS   OF   KOK-SAGHYZ   TO   INCREASE   THEIR   YIELD.]* 

Izvestha, Feb. 28 and Pravda, Feb. 28. [Emer. Rubber Proj., 

Forest Serv. Rpt. 51.] 

(63) UNITED STATES DEPARTMENT OF AGRICULTURE. 

1938. SOILS AND MEN.   U. S. Dept. Agr. Yearbook 1938: 1-1232, illus. 

Washington, D. C. 

(64) WARMKE, H. E. 
1943.   MACROSPOROGENESIS,  FERTILIZATION  AND  EARLY EMBRYOLOGY  OF 

TARAXACUM KOK-SAGHYZ.   Torrey Bot. Club Bui. 70: 164-173. 

(65)   
1945. EXPERIMENTAL POLYPLOIDY AND RUBBER CONTENT   IN   TARAXACUM 

KOK-SAGHYZ.   Bot. Gaz. 106: 316-324. 



190      MISC.   PUBLICATION   618,   U.  S.   DEPT.   OF  AGRICULTURE 

(66) ZASIADNOKOV, T. 
1941.   VESENNIÏ POSEV KOK-SAGYZA.     [SPRING SOWING OF KOK-SAGHYZ.]* 

Sots. Sel'sko-khoz. 4: 70-75. [Emer. Rubber Proj., Forest 
Serv. Rpt. 53.] 

(67) ZLENKO, I. D. 
1939. FOTREBNOSl' VO VLAGE U KOK-SAGYZA I TAU-SAGYZA V RAZLICH- 

NYE FAZY RAZVITIIA. [DEMAND FOR WATER BY KOK-SAGHYZ 

AND  TAU-SAGHYZ  IN  VARIOUS  STAGES  OF THEIR DEVELOPMENT.] 

In Biochemistiy and Physiology of Rubber-Bearing Plants. 
Collection of papers No. 2, ed. by A. A. Nichiporovich and 
A. A. Prokof'ev, pp. 99-104. 



PROCESSED AND TYPEWRITTEN REPORTS 
(ip) ANDERSON, W. R. 

1943. KOK-SAGHYZ PRODUCTION REPORT, AITKIN UNIT, [MINN.] 1943.   Emer. 
Rubber Proj., Forest Serv. Rpt. 74: 1-27.   [Typewritten.] 

(2p) MOORE, L. H. and STEPHENSON, J. R. 
1944. SUPPLEMENTAL  REPORT,   KOK-SAGHYZ   PROJECT,   AITKIN,   MOOR- 

HEAD AND CROOKSTON UNITS,    [MINN.]    Emer. Rubber Proj., 
Forest Serv. Rpt. 75: 1-132.    [Typewritten.] 

(3p)  BARTON, H. A. 
1944. SUPPLEMENTAL REPORT ON THE FIELD PRODUCTION OF KOK- 

SAGHYZ, PLAiNFiELD, WISCONSIN. Emer. Rubber Proj., 
Forest Serv. Rpt. 76: 1-41.    [Typewritten.] 

(4p)  CHASE, C. D., and HARRISON, C. L. 
1944.   KOK-SAGHYZ    PRODUCTION    REPORT,    WYMAN    NURSERY.       Emer. 

Rubber Proj., Forest Serv. Rpt. 77: 1-44.    [Typewritten.] 
(5p)  COSTER, R. A. 

1942.   KOK-SAGHYZ     PRODUCTION     TESTS     IN     1942,    MONTANA.        Emer. 

Rubber Proj., Forest Serv. Rpt. 78: 1-20.    [Typewritten.] 
(6p) 

1943. KOK-SAGHYZ    ANNUAL     REPORT,     MONTANA-IDAHO     UNITS,     1943. 

Emer. Rubber Proj., Forest Serv. Rpt, 79: 1-136.    [Type- 
written.] 

(7p)   
1944. SUPPLEMENTAL   REPORT   ON    THE    PRODUCTION   OF   KOK-SAGHYZ. 

Emer.  Rubber Proj..  Forest Serv.  Rpt.  80:  1-96.    [Type- 
written.] 

(8p)  CROWL, J. R. 
[n. d.]   KOK-SAGHYZ   PRODUCTION   REPORT,   WINTER   1943-44,   NAPOLEON- 

VILLE, LOUISIANA.   Emer. Rubber Proj., Forest Serv. Rpt. 81: 
1-11.    [Typewritten.] 

(9p)  DENT, Z. H.,  (with MAYS, L. R.) 
1943. FIRST   ANNUAL  REPORT   OF  THE   KLAMATH   FALLS,   OREGON,   KOK- 

SAGHYZ   PROJECT,   1943.    Emer. Rubber   Proj., Forest   Serv. 
Rpt. 82: 1-27.    [Typewritten.] 

(10p)  DILL, H. C. 
1944. SUPPLEMENTAL   REPORT   ON   THE    FIELD    PRODUCTION    OF    KOK- 

SAGHYZ,   KLAMATH   FALLS,   OREGON.     Emer.   Rubber   Proj., 
Forest Serv. Rpt. 83: 1-17.    [Typewritten.] 

(lip)  DUFF, G. H., LEHMANN, A. J. V., HAMLY, D. H., and BANNAN,  M.W. 
1943. RUBBER   FROM   CANADIAN   GROWN    PLANTS.       THE    CULTURE    OF 

KOK-SAGHYZ IN 1942.   Nat. Res. Council of Canada, Ottawa. 
Rpt. A: 1-50.    [Processed, Rpt. 104.] 

(12p) ENGSTROM, W. A., et al. 
1944. KOK-SAGHYZ PRODUCTION REPORT.    Emer. Rubber Proj., Forest 

Serv. Rpt. 86:  1-14.    [Typewritten.] 
(13p)  ERAMBERT, G. F. 

1944.   FINAL   REPORT,    KOK-SAGHYZ   PROJECT,    BELLE   GLADE,    FLORIDA, 

WINTER 1943-44.    Emei. Rubber Proj., Forest Serv. Rpt. 84: 
1-60.    [Typewritten.] 

191 



192       MISC.   PUBLICATION   618,   U.  S.   DEPT.   OF  AGRICULTURE 

(14p)  ESKEW,  R. K. 
1944. SUMMARY REPORT ON THE EMERGENCY RUBBER PROJECT AT THE 

EASTERN   REGIONAL   RESEARCH   LABORATORY.      Emer.    Rubber 
Proj., Bureau of Agricultural and Industrial Chemistry Rpt. 
54:   1-37.    [Processed.] 

(15p)  GREEN, F. K. 
1943.   KOK-SAGHYZ  ANNUAL  REPORT,   1943,   WISCONSIN  PROJECT.      Emer. 

Rubber Proj., Forest Serv. Rpt. 85:   1-17.    [Typewritten.] 
(16p) HANSON, E. W. 

1943.   DISEASE   SUPPLEMENT   TO   SUMMARY   OF   KOK-SAGHYZ   INVESTIGA- 
TIONS,  SPRING AND SUMMER, 1942.    Emer. Rubber Proj., Bu- 
reau of Plant Industry,  Soils and Agricultural Engineering 
Rpt. 59:   1-9.    [Processed.] 

(17p)  HIGGINS, F. L. 
1943. REPORT OF KOK-SAGHYZ INVESTIGATIONS AT THE  U.   S.  D.  A.  KOK- 

SAGHYZ    SUBSTATION,    GENEVA,    NEW    YORK,    IN    1943.      Emer. 

Rubber Proj., Bureau of Plant Industry, Soils and Agricul- 
tural Engineering Rpt. 63:  1-125.    [Typewritten.] 

(18p)  HURTT,  L. C, and REED,  M. J. 
1944. KOK-SAGHYZ     PRODUCT. ON     TESTS     AT     MILES     CITY,     MONTANA. 

Emer. Rubber Proj., Forest Serv. Rpt. 73:   1-15, 1-9, 1-16, 
1-53.    [Typewritten.] 

(19p) JONES, G.  W. 
1942. PROJECT    REPORT    ON    KOK-SAGHYZ    PRODUCTION,    IN    THE    LAKE 

STATES IN 1942.    Emer. Rubber Proj., Forest Serv. Rpt. 87: 
1-22.    [Processed.] 

(20p)    KlRKPATRICK,   L.   C. 
1943. KOK-SAGHYZ   PRODUCTION   REPORT,    STEWART   UNIT,    MINNESOTA 

PROJECT.    Emer. Rubber Proj., Forest Serv. Rpt. 88:   1-21. 
[Typewritten.] 

(21p)  KLUENDER, W. A. 
1943. REPORT OF ADMINISTRATIVE FIELD STUDIES, KOK-SAGHYZ, MICH- 

IGAN, 1943. Emer. Rubber Proj., Forest Serv. Rpt. 68: 1-79 
[Typewritten.] 

1944. RUSSIAN EXPERIENCE IN KOK-SAGHYZ CULTURE.    Emer. Rubber 
Proj., Forest Serv. Rpt. 67:  1-21.    [Typewritten.] 

(22p) 

(23F)   
1944. MEMORANDUM   TO   SUPPLEMENT   REPORT   OF   ADMINISTRATIVE 

FIELD STUDIES, MICHIGAN, 1943.    Emer. Rubber Proj., Forest 
Serv. Rpt. 69:  1-5.    [Typewritten.] 

(24p)  KNUTSON, C. E. 
1943. KOK-SAGHYZ ANNUAL REPORT,  MINNESOTA PROJECT,  1943.      Emel. 

Rubber Proj., Forest Serv. Rpt. 89:  1-169.    [Typewritten.] 
(25p)   

1944. SUPPLEMENTAL   REPORT,    MINNESOTA   EMERGENCY RUBBER PROJ- 
ECT, KOK-SAGHYZ.    Emer. Rubber Proj.,   Forest   Serv.   Rpt. 
90:  1-149.    [Typewritten.] 

(26p)  LYFORD, W. H. 
1943.   FINAL    SUMMARY    SOILS    SURVEY THE    SOIL   REQUIREMENTS    OF 

TARAXACUM KOK-SAGHYZ. Emer. Rubber Proj., Bureau of 
Plant Industry, Soils and Agricultural Engineering Rpt. A [98]: 
1-71, B [991:  1-335, C [100]:  1-422. 



RUSSIAN   DANDELION 193 

(27p)  MCQUKEN, J. E. 
1943.   ANNUAL KOK-SAGHYZ  REPOET,  CASS  LAKE,  MINNESOTA.    NURSER- 

IES, 1943.    Emer. Rubber Pro j., Forest Serv. Rpt. 91:   1-38. 
[Typewritten.] 

(28p)   MILNES,  G.  W. 
1943. REPORT  OF  KOK-SAGHYZ  ACTIVITIES,  1943  CROP  SEASON,   SAGINAW 

AREA.    Emer.   Rubber  Proj.,   Forest   Serv.   Rpt.   92:   1-51. 
[Typewritten.] 

(29p)    

1944. SUPPLEMENTAL    REPORT    ON    THE    FIELD    PRODUCTION    OF    KOK- 

SAGHYZ.    Emer. Rubber Proj., Forest Serv.  Rpt.  93:  1-44. 
[Typewritten.] 

(30p)   MOORE, L. H. 
1943.   KOK-SAGHYZ   ANNUAL   REPORT,    CROOKSTON,     MINNESOTA    AREA, 

1943.    Emer.   Rubber   Proj.,   Forest   Serv.   Rpt.   94:   1-50. 
[Typewritten.] 

(31p)  OLIVER, D. A., JOSLYN, H., and FEARNOW, T. C. 
1943.   KOK-SAGHYZ PRODUCTION REPORT, 1943, NEW YORK AND VERMONT 

AREAS.    Emer.  Rubber Proj.,  Forest Serv.  Rpt.  95:  1-27, 
1-14, 1-12.    [Typewritten.] 

(32p)  RAMP, R.  M. 

1943. KOK-SAGHYZ    PRODUCTION   MACHINERY,    1943.    Emer.    Rubber 
Proj., Bureau of Plant Industry, Soils and Agricultural En- 
gineering Rpt. 56: 1-34.    [Tvpewritten.] 

(33p) . 
1944. KOK-SAGHYZ   PRODUCTION   MACHINERY.    Emer.   Rubber  Proj., 

Bureau of Plant Industry, Soils and Agricultural Engineering 
Rpt. 57: 1-48.    [Processed.] 

(34p)  ROE, E. I. 

1943. SEED   TESTING,   AN  IMPORTANT  PHASE   OF  THE   KOK-SAGHYZ   PRO- 
GRAM.    Emer.   Rubber  Proj.,   Forest  Serv.   Rpt.   65:   1-55. 
[Typewritten.] 

(35p)  STEINBAUER, C. E. 

1942. SUMMARY OF KOK-SAGHYZ INVESTIGATIONS, SPRING AND SUM- 
MER, 1942.    Emer. Rubber Proj., Bureau of Plant Industry, 
Soils and Agricultural Engineering Rpt. 58: 1-42.    [Processed.] 

(36p)   

1944. COOPERATIVE   ADAPTATION   TESTS,   KOK-SAGHYZ,   1942-44.      Emer. 
Rubber Proj., Bureau of Plant Industry, Soils and Agricul- 
tural Engineering Rpt. 60: 1-149.    [Typewritten.] 

(37p)   MARSHALL, W. H., HAMM, P. C, and THOMAS, H. L., et al. 
1944. REPORTS ON VARIOUS PHYSIOLOGIC AND AGRONOMIC RESEARCH 

STUDIES ON TARAXACUM KOK-SAGHYZ CONDUCTED AT U. S. D. A. 

RUBBER    PLANT    FIELD    LABORATORY,    UNIVERSITY    FARM,    ST. 

PAúL, MINNESOTA,  1942-44.    Emer. Rubber Proj., Bureau of 
Plant Industry, Soils and Agricultural Engineering Rpt. 61: 
1-102.    [Typewritten.] 

(38p) MARSHALL, W. H., HAMM, P. C, and THOMAS, H. L., et al. 
1944. PLANT SPACING AND DENSITY, PLANTING AND HARVESTING DATES, 

AND   SOIL   FERTILITY   STUDIES   WITH   TARAXACUM   KOK-SAGHYZ, 

1942-44. i, ii, m. Emer. Rubber Proj., Bureau of Plant In- 
dustry, Soils and Agricultural Engineering Rpt. 62: 1-56, 
1-107, 1-62.    [Typewritten.] 



194      MISC.   PUBLICATION   618,   U.  S.   DEPT.   OF  AGRICULTURE 

(39p)  STEPHENSON, J. R. 
1943.   KOK-SAGHYZ   ANNUAL   REPORT,    MOORHEAD   AREA,    1943.       Emer. 

Rubber Proj., Forest Serv. Rpt. 96: 1-54.    [Typewritten.] 
(40p) STOECKELER, J. H. 

1943. RESULTS   OF  THE   1942  SEEDING  OF  KOK-SAGHYZ  IN  LAKE   STATES 

FOREST NURSERIES.    Emer. Rubber Proj., Forest Serv. Rpt. 
66: 1-34.    [Typewritten.] 

(41p)  STRONG, D. G., and POEHLMAN, J.  M. 
1944. KOK-SAGHYZ INVESTIGATIONS AT BELLE GLADE, FLORIDA, WINTER, 

1943-44.    Emer, Rubber Proj., Bureau of Plant Industry, Soils 
and Agricultural Engineering Rpt. 64: 1-70.    [Typewritten.] 

(42p)  WALES, H. B. 
1944.   THE   PRODUCTION   OF   KOK-SAGHYZ   AS   A   SOURCE   OF   EMERGENCY 

RUBBER.    Emer. Rubber Proj., Forest Serv. Rpt. 107: 1-245. 
[Processed.] 

(43p)  WALLEY, J.  M. 
1944.   SOIL AND ECONOMIC SURVEY REPORT TO  ACCOMPANY REPORT ON 

KOK-SAGHYZ   AS   AN   EMERGENCY   SOURCE   OF  RUBBER.      Emer. 

Rubber Proj., Forest Serv. Rpt. 97: 1-35.    [Processed.] 
(44p)  ZEHNGRAFF, P. J. 

1943.   HIGHLIGHTS     OF     1943     KOK-SAGHYZ     PROGRAM     IN     MINNESOTA, 

SHOWN IN PICTURES.    Emer. Rubber Proj., Forest Serv. Rpt. 
71: 1-99.    [Typewritten.] 

(45p)  
1943. REPORT   OF   ADMINISTRATIVE  FIELD  STUDIES AND  OBSERVATIONS, 

KOK-SAGHYZ, 1943, MINNESOTA.    Emer. Rubber Proj., Forest 
Serv. Rpt. 70: 1-57.    [Processed.] 

(46p) and AAMODT, E. A. 
1944. A    REPORT    OF   ADMINISTRATIVE    STUDIES,    SPRING,    1944.      Emer. 

Rubber Proj., Forest Serv. Rpt. 72: 1-13.    [Typewritten.] 



ADDITIONAL LITERATURE 
Anonymous. 

1933. ZATSVELI KAUCHUKONOSY NA KUL'TURNYKH POLIAKH KAUCHUK- 

PROMKHOZA DZHUN. [RUBBER-BEARING PLANTS ARE IN BLOOM ON 

THE  CULTIVATED FIELDS OF THE DZHUN  COMMERCIAL RUBBER FARM.] 

So vet. Kauchuk4: 42 

1935. DOSTOÏNO PROVESTI PROPOLKU I UKHOD ZA PLANTATSIIAMI. [TO WEED 
AND   TO   LOOK   WELL  AFTER THE  PLANTATIONS.]      Sovet.   KaUChuk 2: 

1-3. 

1939.   KOK-SAGHYZ V BELORUSSII.      [KOK-SAGHYZ IN WHITE RUSSIA.]      KaUChuk 

i Rezina 6: 48. 

1941.   MASHINA   DLIA   UBORKI   KORNEÏ   KOK-SAGYZA.      [A   MACHINE   FOR   HAR- 

VESTING KOK-SAGHYZ ROOTS.]    Sots. SeVskoe Khoz. 2: 91. 

1941. CULTIVATION OF KOK-SAGHYZ PLANT.    India Rubber World 104: 63. 

1942. PROPERTIES OF KOK-SAGHYZ.    India Rubber World 105: 504. 

1942. PROPERTIES OF COMPOUNDS WITH KOK-SAGHYZ RUBBER.    India Rubber 

World 105: 605. 

1943. KOK-SAGHYZ TIRES.    India Rubber World 108: 490-493. 

1944. PROGRESS IN TIRE MANUFACTURE.    India Rubber World 110: 100-102. 

1944. RUBBER  FROM  PLANT  SOURCES,    INVESTIGATIONS  ON  CRYPTOSTEGIA, 

KOK-SAGHYZ   AND   GUAYULE,   WITH   A   NOTE   ON   SYNTHETIC   RUBBER 

RESEARCH.    Australia.    Council Sei. & Indus. Res. Jour. 17: 49-58. 

1944. CULTIVATION  AND  BREEDING  ON  RUSSIAN  RUBBER-BEARING  PLANTS. 

Imp. Bur. Plant Breeding and Genet., pp. 57.    East Mailing, Eng. 

1945. BRITISH REPORT ON KOK-SAGHYZ.    Rubber Age 57: 319-320. 

Abbe, L. B. 
1946. A   RAPID    HISTOLOGICAL   TECHNIC    FOR   STAINING   LATEX   IN   ROOTS    OF 

TARAXACUM KOK-sAGHYZ.    Stain Technol.    12: 19-22. 

AKEBJANOFF, L. G. 
1937.   EXTRACTION     OF   LATEX    FROM     RUBBER-PRODUCING    PLANTS    IN    THE 

USSR.    Revue Generale de Caoutchouc 14: 29-32. 

AKSEL'ROD, D. M. 
1939.   KOK-SAGYZ    NA   TORFIANIKAKH.      [KOK-SAGHYZ    ON    PEAT   MOSS   LAND.J 

Sots. Zeml., Jan. 11. 

1941.   VLIIANIE    IAROVIZATSII    NA    RAZ VITIE    KOK-SAGYZA.      [THE    EFFECT    OF 
VERNALIZATION   ON   THE   DEVELOPMENT   OF   KOK-SAGHYZ.]      Vestnik 

Sel'sko-khoz. Nauki, Tekhn. Kul'tury 1: 73-87. 
195 



196       MISC.   PUBLICATION   618,   U.  S.   DEPT.   OF   AGRICULTURE 

AKULININA, A. A. 

1939.   KRFTICHESKIE    PERIOD Y    PITANIIA    KOK-SAGYZA    AZOTOM,    FOSFOROM    I 

KALIEM.      [CRITICAL    PERIODS    IN    THE     NUTRITION    OF     KOK-SAGHYZ 

WITH NITROGEN,  PHOSPHORUS AND POTASH.]    In Biochemistry and 

Physiology of Rubber-Bearing Plants.    Collection of papers No. 2, 

ed. by A. A. Nichiporovich and A. A. Prokofev, pp. 43-56. 
ALTUKHOV, M. K. 

1939.   AGROTEKHNIKA        KOK-SAGYZA OSNOVNOGO        KAUCHUKONOSA       USSR. 

[CULTIVATION  OF   KOK-SAGHYZ,   THE  MOST IMPORTANT  RUBBER-BEAR- 

ING PLANT OF THE ussR.)    Sovet. Agron. 6: 31-36. 

1939.   PROIZVODSTVENNOE    OSVOENIE    NOVYKH    KAUCHUKONOSOV.      [COMMER- 

CIAL    UTILIZATION    OF    rIHE    NEW    RUBBER-BEARING    PLANTS.]      Sov. 
Nauka  7:   106-122. 

1940. SROKI  UBORKI ODNOLETNEGO KOK-SAGYZA.      [THE  TIME   OF THE   SEASON 

WHEN     ONE-YEAR-OLD     PLANTATIONS     OF    KOK-SAGHYZ    SHOULD    BE 

DUG.]    Vestnik Sel'sko-khoz. Nauki, Tekhn. Kul'tury 5: 51-57. 

1941. POSZIMNII    POSEV    KOK-SAGYZ.      [WINTER    PLANTING    OF    KOK-SAGHYZ.1 
Sots. Sel'sko Khoz. 12: 49-54. 

1941.   SROKI  UBORKI DVUKHLETNIKH PLANTATSII KOK-SAGYZA.      [THE TIME  OF 

THE    SEASON    WHEN    TWO-YEAR-OLD    PLANTATIONS     OF    KOK-SAGHYZ 

SHOULD  BE DUG.]    Vestnik Sel'sko-khoz.  Nauki, Tekhn.  Kul'tury 
1: 91-100. 

1944. KOK-SAGHYZ.    50 pp.   Moscow. 

1945.   AGROTEKHNIKA   KOK-SAGHYZ.      [CULTURE    OF   KOK-SAGHYZ.]      SeFktlOZ- 
giz,   54  pp.   Moscow. 

ANDERSSON, GöSTA, and BENGTSSON, GEORG. 

1945. REDOGöRELSE FöR FöRSTA ARETS ARBETEN MED GUMMIMASKROS VID 

SVERIGES UTSäDESFöRENING. [REPORT OF THE FIRST YEAR OF WORK 

WITH KOK-SAGHYZ AT THE SWEDISH SEED ASSOCIATION, SVALOF.] 

Sartryk ur Sveriges Utsädesförenings Tidskrift, 1945. Halle 3. 
[English summary.] 

ATAMANENKO, A. N., and MIKHAILOVA, V. M. 
1941. OPYT PEREDOVYKH ZVEN'EV PO KOK-SAGYZU. [EXPERIENCE OF THE 

ADVANCED   GROWERS  OF  KOK-SAGHYZ.]    Opytn.   Agron.   5:   10-17. 
BANNAN, M. W. 

1945. TETRAPLOID TARAXACUM KOK-SAGHYZ. CHARACTERS OF THE LEAVES 

AND      INFLORESCENCES     IN     THE      PARENTAL      COLCHICINE-INDUCED 
GENERATION.    Ganad. Jour. Res. Sect. C, 23: 131-143. 

BELIKOV, P. S. 

1944.   A   CONTRIBUTION   TO   THE    PROBLEMS   OF   RUBBER   FORMATION    IN   THE 

ROOTS OF KOK-SAGHYZ.    Acad.  Sei.  URSS.  Compt.  Rend. (Dok.) 
45:  209-212. 

BLAKE, S. F.    ' 

1943.   HOW   TO   DISTINGUISH    KOK-SAGHYZ     FROM    LOW-RUBBER    SPECIES    OF 

DANDELION.    Emer. Rubber Proj., Bureau of Plant Industry, Soils 
and Agricultural Engineering Rpt. 101, 2 pages [unnumbered]. 



RUSSIAN  DANDELION 197 

BLOKHINTSEVA, I. 1. 
1939.   K VOPROSU OBRAZOVANII KAUCKUKA U KOK-SAGYZA.      [A CONTRIBUTION 

TO   THE   PROBLEM  OF  CAOUTCHOUC   FORMATION   IN   TARAXACUM   KOK- 

SAGHYZ ROD.]    Bot, Zhur. 24: 265-272. 

1944. IZMENENIE KAUCHOVYKH CHASTITS V LATEKSE KRYM-SAGYZA I KOK- 

SAGYZA V PROTSESSE VEGETATSII. [THE CHANGE OF RUBBER PAR- 

TICLES IN THE LATEX OF TARAXACUM HYBERNUM STEV. (T. MEGALOR- 

RHIZON   H.    MAZ.)    AND   TARAXACUM   KOK-SAGHYZ   ROD.   DURING   THE 

PERIOD OF VEGETATION.]    Acad. Sci.URSS Bul. 4: 193-204. 
BOBILIOFF,  W. 

1930.   ANATOMIE   EN   PHYSIOLOGIE   VAN   HEVEA   BRASILIENSIS.      288 pp.  illllS. 

Batavia 
BOBKOV, P. 

1937. KOMPLEKSNAIA PERERABOTKA  KAUCHUKOKONOSA KOK-SAGYZ  V SPIRT 

S^ZVLECHENIEM  LATFKSA I  KAUCHUKA.      [KOK-SAGHYZ  AS  A  SOURCE 

OF ALCOHOL, LATEX AND RUBBER.]    Spirto-vodochnaia Promyshlen- 
nost' 12: 3-5. 

1938. OSAKHARIVANIE 1 SBRAZHIVANIE SUSEL, POLUCHENNYKH PRI COM- 

PLEKSNOI PERERABOTKE KAUCHUKONOSA KOK-SAGYZA V SPIRT S 

IZVLECHENIEM LATEKSA I KAUCHUKA. [SACCHARIFICATION AND 

FERMENTATION OF WORTS, OBTAINED DURING THE UTILIZATION OF 

KOK-SAGHYZ ASA SOURCE OF ALCOHOL, LATEX AND RUBBER.]      SpirtO- 

vodochnaia Promvshlennost' 15: 11-14. 

1939.   BOR'BA    S    POTERIAMl    PRI    VYRABOTKE    KAUCHUKA    IZ    KORNEI    KOK- 

SAGYZA.      [LOSSES   OF   RUBBER   IN   THE   PROCESSING   OF   KOK-SAGHYZ 

ROOTS.]*
1
    Kauchuk i Rezina 12: 22-25.    [Emer. Rubber Proj., 

Forest Ser v. Rpt. 4.] 

1939.   POLUCHENIE    KAUCHUKA    IZ    KORNEI    KOK-SAGYZA.      [PRODUCIION    OF 

RUBBER  FROM   THE   ROOTS   OF   KOK-SAGHYZ.]    Kauchuk   i   Rezina 

8: 67-70.    [Also in Chem. Zentbl. 1940 (1) : 142-143.] 

BOROVICK, S. A., et al. 
1943.   DATA   ON   TRACE   ELEMENTS   CONTAINED   IN   KOK-SAGHYZ.      Acad.    Sei. 

URSS Compt. Rend. (Dok.) 40: 329-330. 
BOSSE, G. 

1933. BIOLOGICHESKAIA    ROL'     KAUCHUKA     V     NEKOTORYKH     NASHIKH     RAS- 

TENIAKH.      [BIOLOGICAL  ROLE   OF  RUBBER IN   SOME   OF  OUR  PLANTS.] 

Sovet. Kauchuk 1: 33-38. 

1935.   NEKOTORYE    PREDPOSYLKI    K    VYIASNENIIU    ROLI    KAUCHUKA    V    RAS- 

TENIIAKH.      [SOME  PREMISES FOR THE ELUCIDATION  OF THE  ROLE  OF 

RUBBER IN PLANTS.]    Sovet, Kauchuk 4: 32-39. 
 and PRILUTSKAIA, V. I. 

1934. PROBLEMA POISKOV KAUCHUKONOSOV V SSSR.      [A SEARCH FOR RUBBER- 

BEARING PLANTS IN USSR.]    Sovet, Bot. 5: 94-125. 

1 Translations of papers marked with an asterisk are available in the Library of the Department of 
Agriculture, Washington, D. C. 



198       MISC.   PUBLICATION   618,   U.  S.   DEPT.   OF   AGRICULTURE 

BRANDES, E. W. 

1942. RUBBER FROM THE RUSSIAN DANDELION. Agr. in the Americas 2: 

127-131. [Emer. Rubber Proj., Bur. of Plant Indus., Soils and Agr. 
Engineering Rpt. 55.] 

BULGAKOV, S. V. 

1937. SRAVNITEL'NOE ISPYTANIE SORTOV ESTESTVENNOI I EKSPERIMENTAL'- 

NOI SELEKTSII KAUCHUKONOSOV. [A COMPARISON BETWEEN DIF- 

FERENT VARIETIES OF RUBBER-BEARING PLANTS, PRODUCED AS A 

RESULT OF NATURAL AND MAN'S SELECTION.] Selektsia kauchukonos- 

nykh rasteniï. Collection of papers No. 1, ed. by A. Kupzow, 
pp. 7-27. 

1944.  MODIFIED   ANATOMICAL   STRUCTURE   IN   KOK-SAGHYZ   ROOTS   AND   ITS 

BIOLOGICAL IMPORTANCE.    Acad. Sei. URSS.    Compt. Rend. (Dok.) 
45: 35-38. 

CHEVALIER, A. 

1944. LES ESPECES DE TARAXACUM PRODUCTRICES DE CAOUTCHOUC, LEUR AIRE 
GéOGRAPHIQUE  ET  LEUR AVENIR.    Acad.  des  Sei.   Compt.   Rend. 

218: 736-738.    Paris. 
DIETRICH, K. R. 

1942. BIOCHEMISCHE     VERARBEITUNGSMöGLICHKEITEN     FüR     KOK-SAGYS. 

Ztschr. f. Spiritusindus 65: 50. 
DIKUSAR, I. G. 

1938. PERIODICHNOST' V MINERAL'NOM PITAN!! RASTENII KAK FAKTOR POVY- 

SHENIIA UROZHAIA ULUCHSHENIIA EGO KACHESTVA. [PERIODICITY 

IN   THE   MINERAL   NUTRITION   OF   PLANTS,   AS   A   FACTOR   INCREASING 

AND IMPROVING THEIR YIELD.]    Khim. Sots. Zeml. 11: 28-37. 

1939. MINERAL'NOE PITANIE I OBMEN VESHCHESTV U KUL'TURNYKH RASTENIï. 

[THE   EFFECTS   OF   MINERAL   NUTRITION   ON   THE   METABOLISM   IN 

CULTIVATED PLANTS.]    Khim Sots. Zeml. 10-11: 13-21. 
DROBKOV, A. A. 

1945. ACCUMULATION    OF   RUBBER    BY   KOK-SAGHYZ    AT   DIFFERENT    PERIODS 

IN ITS LIFE.    Acad. Sei. URSS.    Compt. Rend. (Dok.) 47: 363-365. 
D. V. K. 

1934.   K     SBORU     SEMIAN     KOK-SAGYZA.      [COLLECTING     KOK-SAGHYZ     SEEDS.] 
Sovet. Kauchuk 2: 6-11. 

EMELIANOVA, N. A. 

1938. CHASTICHNAIA STERILIZATSIIA POCHOVY KHLORPIKRINOM, KAK FAKTOR 

POVYSCHENIIA UROZHAINOSTI KOK-SAGYZA I TAU-SAGYZA. [PARTIAL 

STERILIZATION   OF   SOIL  WITH   CHLORPICRIN   AS   A   MEANS   OF   RAISING 

THE YIELD OF TAU-SAGHYZ AND KOK-SAGHYZ.]    Collection of papers 

No. 2, ed. by N. A. Emelianova, pp. 68-75. 
ESKEW, R. K. 

1946. NATURAL RUBBER FROM RUSSIAN DANDELION.    India Rubber World 

114: 517-520.    [Emer. Rubber Proj., Forest Serv. Rept. 113.] 
FABRITSIEV, B. V., and VISHNEVSKAIA, M. T. 

1938.   KAUCHUK   IZ   KOK-SAGYZA.      [RUBBER   FROM   KOK-SAGHYZ.]*      Kauchuk 

i Rezina, 8-9: 45-49.    [Emer. Rubber Proj., Forest Serv. Rpt. 7.] 



RUSSIAN  DANDELION 199 

FABRISTIEV, B. V. and VISHNEVSKAIA, M. T.—Continued. 

1938.   TEKHNOLOGICHESKIE     SVOISTVA     KAUCHUKA     IZ     KOK-SAGYZA.      [TECH- 

NOLOGICAL     CHARACTERISTICS      OF     RUBBER      FROM      KOK-SAGHYZ.]* 

Kauchuk i Rezina 11: 13-17.    [Emer. Rubber Proj., Forest Serv. 

Rpt. 8.] 

FEDOROV, S. 
1935.   O    TIPE    SEIALOK    DLIA    KAUCHUKPROMKHOZOV.      [ON    THE    TYPE    OF    A 

SEED   DRILL   TO   BE   USED   ON   COMMERCIAL   RUBBER   FARM.]      Sovet. 

Kauchuk 4: 41-42. 

FILIPPOV, D. I. 
1940.   POSEV    KOK-SAGYZA    V    GLINIANYKH    SHARIKAKH.      [SOWING    OF    KOK- 

SAGHYZ IN CLAY BALLS.]    lArovizatsha 3: 216. 

1940.   FORMIROVANIE    LIST'EV    KOK-SAGYZA     V    POSEVE    KATYSHKAMI.      [THE 

SHAPE   OF  LEAVES  WHEN  KOK-SAGHYZ  IS  SOWN  IN  THE   CLAY  BALLS.] 

flrovizatsiia 5: 122-124. 

1940.   ISPYTANIE    E    KORNEÏ    KOK-SAGYZA    NA    MOROZOSTOIKOST'.      [TESTING 

KOK-SAGHYZ    ROOTS   FOR   THEIR   FROST    RESISTANCE ]      lArOvizatsifil 

2: 108. 

1941. SOME PROBLEMS OF BREEDING KOK-SAGHYZ (RUSSIAN) .    Vernalisation, 

1941, 3: 21-28. 

1941.   MASHINA   DLIA   SBORA   SEMIAN   KOK-SAGYZA.      [A   MACHINE   TO   HARVEST 

KOK-SAGHYZ SEEDS.]    Sots. Sel'skoe-khoz. 5: 92. 

1943. OPREDELENIE     KAUCHUKA     V     KORNIAKH     KOK-SAGYZA     PO     PLENKE. 

[DETERMINATION OF RUBBER CONTENT IN THE ROOTS OF KOK-SAGHYZ 

BY    CHARACTER    OF    THE    LATEX    FILM.]      VseSOÍUZn.     Akad.    Selsk.- 

Khoz. Nauk im. V. I. Lenina, Dok. 8: 24. 

FREY-WYSSLING, A. 
1935.   DIE   STOFFAUSSCHEIDUNG  DER  HÖHEREN   PFLANZEN.      J   Springer,   XII, 

378 pp., illus. Berlin. 

FROLOV, T. V. 
1939.   SOVIETSKIE  KAUCHUKONOSY NA VSESOIUZNOÏ SEL'SKO-KHOZAISTVENNOI 

VYSTAVKE.      [SOVIET   RUBBER-BEARING   PLANTS    ON   THE   ALL-UNION 

AGRICULTURAL EXHIBITION.]    Kauchuk i Rezina 9: 5-8. 

FRONTSESSON, V. A. 
1944. OB     AGRONOMICHESKOI     KHARAKTERISTIKE     POCHO    V    RAIONAKH    VY- 

SHCHELOCHENNYKH CHERNOZEMOV KUYANSKOI OBLASTI V SVIA7I S 

RAZMESHCHENIEM KOK-SAGYZA I SAKHARNOI SVEKLY. [CONCERNING 

THE AGRONOMICAL CHARACTERISTICS OF THE SOILS IN THE REGIONS 

OF LEACHED BLACK SOILS OF THE KURGAN REGION IN CONNECTION 

WITH THE ALLOCATION OF KOK-SAGHYZ AND SUGAR BEET.)       VseSCÍUZIl. 

Nauch.   Issled.   Inst.   Udobr.  i  Agropochv.  im  K.   K.   Gedroitsa, 

Nauch. Otchet 1941-42: 217-222. 

FURMAN, L. M. and POGORETSKII, G. A. 

1943.   POVYSIM    UROZHAÏ    KOK-SAGYZA.      [LET    US    INCREASE    THE    YIELD    OF 

KOK-SAGHYZ.]    Sel'khozg'z, 29 pp. Moscow. 



200       MISC.   PUBLICATION   618,   U.   S.   DEPT.   OF   AGRICULTURE 

GARKAVYI, S. 
1935.   PRIMENENIE     UDOBRENII     POD      KOK-SAGYZ      NA     TORFIANOÏ      POCHVE. 

[FERTILIZERS FOR KOK-SAGHYZ ON A PEAT SOIL.]    Sovet. Kauchuk 

3: 34-37. 

GARNIER, VE ST NI K 

1941. INSULATION   MIXTURES   CONTAINING   KOK-SAGHYZ.    Elektroprom   12: 

26-28. 

GHILAROV, M. S. 
1938.   KORNEVYE    TLI   I    MURAV'l    KAK   VREDITELI    KAUCHUKONOSOV.        [ROOT 

APIIIDS   AND   ANTS   AS   A   PEST   OF   RUBBER   PLANTS.]       Collection   of 

papers No. 2, ed. by N. A. Emelianova, pp. 49-67. 

1940.   VREDITELI  SEMIAN DVUKHLETNEGO KOK-SAGYZA.      [SEED  PARASITES  ON 

THE    TWO-YEAR-OLD    KOK-SAGHYZ    PLANTS.]      Vestnik    Sel'sko-khoz. 

Nauki, Tekhn. Kul'tury 4: 62-69. 

1940.   EINIGE    GESETZMÄSSIGKEITEN   IN   DER   AUSNUTZUNG   VON   KOK-SAGHYZ 

DURCH   INSEKTEN.    Acad.   Sei.   URSS   Compt.   Rend.   (Dok.)   28: 

846-849. 

1941. DIE BESTÄUBUNG VON TARAXACUM KOK-SAGHYZ ROD. BEI PLAN- 

TAGEBEDINGUNGEN. Acad. Sei. URSS Compt. Rend. (Dok.) 30: 

848-850. 

1941. ZARAZIKHA    NA    KOK-SAGYZ.      [ORABANCHE    RAMOSA    ON    KOK-SAGHYZ.] 

Lenin Acad. Agr. Sei. USSR Proc. 11: 30-31. 

1942. NAPTHALENE   AS  A  MEANS  TO  CONTROL  SEED   PESTS   OF   BIENNIAL  KOK- 

SAGHYZ.    Acad. Sei. URSS Compt. Rend. (Dok.) 37 (3): 109-112. 

 and LUKIANOVICH, L. M. 

1938.   VREDITELI    SEMIAN   KOK-SAGYZA   I   DRUGIKH   KAUCHUKONOSOV.        [THE 

INSECT   PESTS   OF   THE   SEEDS   OF   TARAXACUM   KOK-SAGHYZ   ROD.   AND 

OTHER RUBBER-BEARING PLANTS.]    Collection of papers No. 2, ed. 

by N. A. Emelianova, pp. 22-48. 

-and PRAVDIN, TH. N. 
1943.   EKOLOGIIA   OPYLENNIIA   KOK-SAGYZA.      [THE   ECOLOGY   OF   KOK-SAGHYZ 

POLLINATION.]    Acad. Sei. URSS Sei. Ser. Biol. Bul. 6: 343-360. 

GIER, L. J., and BURRESS, Ralph M. 
1942. ANATOMY OF TARAXACUM OFFICINALE WEBER.    Kans. Acad. Sei. Trar s. 

45: 94-97. 

GLUSHCHENKO, I. E. 
1941. SRAVNENIE UROZHAIIA KORNEÏ KOK-SAGYZA IZ SEMIAN RAZNYKH 

REPRODUKTSII. [A COMPARISON OF THE YIELD OF KOK-SAGHYZ ROOTS 

GROWN FROM THE   SEEDS FROM  DIFFERENT  SOURCES.]       IArOVÍzatSÍÍa 

1: 111. 

GORBATOV, I. 
1939.   MEKHANIZATSIIA     KUL'TURY     KOK-SAGY7A.      [MECHANIZATION     IN     THE 

CULTIVATION  OF KOK-SAGHYZ.]    Mech.  i  Elektrif.  Sots.  Sel'skoigo 

Khoz. 6: 22-23. 

GORHAM, P. R., and LANDES, M. L. 
1945.   INVESTIGATIONS    ON    RUBBER-BEARING    PLANTS.      I. PROPAGATION   OF 

TARAXACUM   KOK-SAGHYZ   BY  MEANS   OF  LEAF  CUTTINGS.      Bot.    GaZ. 

107: 260-267. 



RUSSIAN  DANDELION 201 

GORIíANOV, M. N. 

1941. METOD OPREDELENIIA SODERZHANIIA KAUCHUKA V ZHIVYKH KORNIAKH 

KAUCHUKONOSOV. [A METHOD FOR DETERMINING THE CONTENT OF 

GUM    IN    LIVE    ROOTS    OF    CAOUTCHOUC-BEARING    PLANTS.]*      Lenin 

Acad. Agr. Sei. USSR Proc. 11: 5-6.    [Emer. Rubber Proj., Forest 

Serv. Rpt. 9.] 

1944. VLIÍANIE OSMOTICHESKOGO DAVLENIÍA POCHVENNOGO RASTVORA NA 

RAZVITIE I KHIMICHESKIÏ SOSTAV KOK-SAGYZA. ¡THE EFFECT OF 

OSMOTIC   PRESSURE   OF   SOIL   SOLUTION   ON   THE   DEVELOPMENT   AND 

CHEMICAL COMPOSITION OF KOK-SAGHYZ.]    Vsesoiuzn Akad. Selsk.- 

Khoz. Nauk im. V. I. Lenina, Dok. 9: 44-45. 
HäUSER, E. A. 

1927.  L^TEX.    pp. 231.    Dresden and Leipzig. 

HOSEH,  M. 

1944.   RECENT RUSSIAN   LITERATURE   QN   NATURAL   AND   SYNTHETIC    RUBBER- 

xii.    India Rubber World 111: 178. 

HOWES, F. N. 

1943. RUSSIAN RUBBER PLANTS.    Roy. Hort. Soc. Jour. 68: 305-306. 

IGNAT'EV, A.  M. 

1935. VOZMOZHNOSTI POLUCHENIIA NATURAL'NOGO LATEKSA IZ KAUCHUKO- 

NOSOV.      [ON  THE   FEASIBILITY  OF  OBTAINING  NATURAL  LATEX  FROM 

THE RUBBER-BEARING PLANTS.]* Sovet. Kauchuk 3:22-26.  [Emer. 

Rubber Proj., Forest Serv. Rpt. 10.] 

1936.   POLUCHENIE    LATEKSA    IZ    SAGYZOV.      [EXTRACTION    OF    LATEX    FROM 

VARIOUS    SAGHYZES.]    Zhumal    Rezinovoi    Promyshlennosti    10: 

1070-1078. 
 and SENATORSKAIA, L. G. 

1938. NABUKHANIE   KOK-   I  TAU-SAGYZNYKH   KAUCHUKOV  v  RAZLICHNYKH 

RASTVORITELI^KH.    [SWELLING   OF   KOK-SAGHYZ   AND  TAU-SAGHYZ 

RUBBER  IN  VARIOUS  SOLVENTS.]*    Kauchuk  i  Rezina   12: 20-28. 

Rubber Proj., Forest Serv. Rpt. 11.] 

 and USTIMOVA, O. 

1939. DEÏSTVIE   SMOL   NA   RASTVORY   KAUCHUKA   KOK-SAGYZA   I   TAU-SAGYZA. 

[THE  EFFECTS  OF  RESINS  ON  THE  SOLUTIONS  OF  RUBBER  FROM  KOK- 

SAGHYZ AND TAU-SAHGYZ.]*    Kauchuk i Rezina 7: 21-25.     [Emer. 

Rubber Proj., Forest Serv. Rpt. 12.] 

IL'INSKH, B. I. 

1939. BOL'SHE VNIMANIIA UROZHAIU SEMIAN I KAUCHUKA S DVUKHLETNIKH 

PLANTATSIÏ KOK-SAGYZA. [MORE ATTENTION SHOULD BE PAID TO 

THE YIELD OF SEEDS AND RUBBER FROM THE TWO-YEAR-OLD PLAN- 

TATIONS OF KOK-SAGHYZ.]    Sovet. Agron. 6: 45-48. 

IZRIUMOV,   F. 

1934. PRIAMOE OPREDELENIE KAUCHUKOV, GUTTY, SMOL I NERASTVORIMOGO 

OSADKA S POMOSHCHIU TSENTROFUGIROVANIIA. [A DIRECT DETER- 

MINATION OF RUBBER, GUTTA-PERCHA, RESINS AND NON-SOLUBLE 

RESIDUE   WITH   THE   HELP   OF   A   CENTRIFUGE.]      Sovet.   Kauchuk    1 : 

40-44. 

JAVORSKY, L. 

1944. DIE NEUE KAUTSCHUKPFLANZE KOK-SAGYS UND IHR ANBAU IN SOWJET- 

RUSSLAND.     Tropenpflanzer 47:  1-17, 38-47, 50-74. 



202       MISC.   PUBLICATION   618,   U.  S.   DEPT.   OF   AGRICULTURE 

KALINENKO, V. O. 
1938.   ROL'PLESNEVYKH  GRIBOV,  AKTINOMITSETOV I BAKTER1Ï  V RAZRUSHENII 

KAUCHtKA.      [THE  ROLE   OF  MOULDS,  ACTINOMYCETES  ANDABACIERIA 

IN DECOMPOSING RUBBER.]    Mikrobiologua 7: 118-128. 

KALINKEVICH, A. F. 
1938. EFFECT   OF   NITROGEN-POTASSIUM   SUPPLY   UPON   YIELD   OF   ROOT   AND 

STORE OF RUBBER IN KOK-SAGHYZ.    Acad. Sei. URSS Compt. Rend. 

(Dok.) 20: 689-692. 

1939. VLIIANIE MINERAL'NOGO  PITANIIA NA KAUCHUKONAKOPLENIE U KOK- 

SAGYZA.    [THE EFFECTS OF MINERAL NUTRITION ON THE ACCUMULA- 

TION OF RUBBER IN KOK-SAGHYZ.]    KMm. Sots. Zeml. 3: 70-77. 

1939.   VLIIANIE    MINERAL'NOGO   PITANIIA   NA    UROZHAÏ    SEMIAN   KOK-SAGYZA. 

[THE EFFECTS OF MINERAL NUTRITION ON THE  YIELD  OF KOK-SAGHYZ 

SEEDS.]    Lenin Acad. Agr. Sei. USSR Proc. 2-3: 53-56. 

1939.   FISIOLOGICHESKIE OSNOVY PRIMENENIIA UDOBREN1Ï POD KAUCHUKONOS 

KOK-SAGHYZ.      [PHYSIOLOGICAL   PRINCIPLES   FOR   THE    APPLICATIONS 

OF FERTILIZERS FOR KOK-SAGHYZ.]    Khim. Sots. Zeml. 10-11: 22-29. 

1940.   RIADKOVOE     VNESENIE     UDOBRENIIA     POD     KOK-SAGYZ.      [APPLICATION 

OF  FERTILIZERS  INTO   THE   ROWS   OF   KOK-SAGHYZ   PLANTS.]      Vestnik 

Agrotek. 3: 72-81. 

1941. AMMIAK, NITRITY I NITRATY KAK ISTOCHNIKI AZOTNOGO PITANIIA KOK- 

SAGHYZA. [AMMONIA, NITRITES AND NITRATES AS SOURCES OF NITRO- 

GEN NUTRITION IN KOK-SAGHYZ.] Vestnik Sel'sko-khoz. Nauki, 

Tekhn. Kul'turv 1: 88-90. 

1941. EFFECT  OF  CATIONS   (K,   NA,   ÇA)   ON  CONVERSION  OF  SUGAR IN  PLANTS. 

Acad. Sei. URSS Compt. Rend. (Dok.) 33: 251-253. 

KAPLAN, M. A. 
1940.   BOLOTA    B.    S.    S.    R.    I    PERSPEKTIVA   IKH    OSVOENIIA    POD    KOK-SAGHYZ. 

[SWAMPS OF B.  S.  S.  R. AND THE POSSIBILITIES OF THEIR UTILIZATION 

FOR   THE   CULTIVATION   OF   KOK-SAGHYZ.]    Vestnik   Sel'sko-khoz. 
Nauki, Tekhn. Kul'turv 4: 70-79. 

KAZAKEVICH, L. I. 
1942. KOK-SAGYZ   V   SARATOVSKOI   OBLASTI.      [KOK-SAGHYZ   IN   THE   SARATOV 

REGION.]    Saratov,   Saratovskoe   Oblastnoe  Oosudarstvennoe   Izd. 

31 pp. 
KEDROV-ZIECHMAN, O. K., and KEDROVA-ZIECHMAN, O. S. 

1942. VLIIANIE IZVESTI I MIKROELEMENTOV NA UROZHAÏ KOK-SAGYZA I 
KAUCHUKONAKOPLENIE. [THE INFLUENCE OF LIME AND TRACE 

ELEMENTS ON THE YIELD OF KOK-SAGHYZ AND ON THE ACCUMULATION 

OF RUBBER.]    Lenin Acad. Agr. Sei. USSR Proc. 9-10: 7-10. 
KEIL; GERHARD 

1940. DAS WURZELWERK VON TARAXACUM OFFICINALE WEBER. EINE UNTERSU- 

CHUNG üBER DEN BEWURZELUNGSTYP, UND SEINE BEEINFLUSSUNG 

DURCH DEN BODEN.    Bot. Centbl. Beihefte Abt. A 60: 57-96. 



RUSSIAN  DANDELION 203 

KISSELEW,  N., et al. 
1934. USLOVIIA OBRAZOVANIIA KAUCHUKA I SMOL I IKH PEREDVIZHENIE 

V RASTENIIAKH. [CONDITIONS NECESSARY FOR THE SYNTHESIS AND 

TRANSLOCATION    OF    RUBBER   AND    RESINS    IN    PLANTS.]      Acad.    Sei. 

URSS Class Sei. Mat, Nat. Bui. 9: 1367-1386. 

KLECHETOV, A. N. 
1938. PROTRAVLIVANIE SEMIAN KAUCHUKONOSOV PREPARATAMI MYSH'IAKA. 

[TREATMENT OF THE SEEDS OF RUBBER-BEARING PLANTS WITH PREPA- 

RATIONS OF ARSENIC] Collection of papers No. 2, ed. by N. A. 

Emelianova,  pp.   118-130. 

1938. ZARAZHENNOST' SEMIAN KORNEVYKH KAUCHUKONOSOV I METODIKA 

FITOPATOLOGICHESKOI EKSPERTIZY. [THE DEGREE OF INFESTATION 

OF THE SEEDS OF THE RUBBER-BEARING PLANTS AND THE METHODICS 

OF THEIR PHYTOPATHOLOGICAL EXAMINATION.]      Collection of papers 

No. 2, ed. by N. A. Emelianova, pp. 91-117. 

KOBELEV, V. K. 
1937.   SELEKTSIIA       KAUCHUKONOSOV. [SELECTION       OF       RUBBER-BEARING 

PLANTS.]    Collection of papers ed. by N. I. Vavilov, 5: 641-670. 

KOCHENENKO,  L. 
1933.   SEMENNOI  FOND   KOK-SAGYZA.      [KOK-SAGHYZ    SEED    RESERVE.]      Sovet. 

Kauchuk3: 11-14. 
KOLACHOV,   P.   J. 

1942. KOK-SAGHYZ, FAMILY COMPOSITAE, AS A PRACTICAL SOURCE OF NATURAL 

RUBBER FOR THE UNITED STATES. Nati. Farm Chemurgic Council, 

pp. 1-19. Columbus. [Emer. Rubber Proj., Forest Serv. Rpt. 

105.] 

KOLESNIK,   I.   D. 
1943. NOVOE   V  KUL'TURE   KOK-SAGYZA.      [WHAT  IS  NEW  IN  THE  CULTURE  OF 

KOK-SAGHYZ.] Vsesoíuzn. Akad. Selsk.-Khoz. Nauk im. V. I. 
Lenina, Dok. 8: 14-19. 

1945.  ULUCHSHIT' KACHESTVO SEMIAN KOK-SAGYZA.     [IMPROVEMENT OF THE 

QUALITY OF KOK-SAGHYZ.]    Sel'so (Ser. Kolkhoz. Zeml.) 14: 1-3. 

KOROLEVA,   V.   A. 
1939. INTERSPECIFIC HYBRIDIZATION IN THE GENUS TARAXACUM.    Acad. Sei. 

URSS Compt. Rend. (Dok.) 2: 174-176. 

1940.    POVREZHDENIIA    KOK-SAGYZA    RAPSOVYM    TSVETÓEDOM.       [DAMAGE   TO 

KOK-SAGHYZ   BY   A   PARASITE   FROM   BRASSICA NAPUS.]      Sovet. Plant 

Indus. Rec.  1: 105. 

1940.   SELEKTSIIA      KOK-SAGYZA.      [KOK-SAGHYZ      SELECTION.]      Sovet,    Plant 

Indus. Rec. 1: 104-105. 

KOSTOFF, D., and TIBER, E. 
1939.   A TETRAPLOID   RUBBER   PLANT   TARAXACUM   KOK-SAGHYZ   OBTAINED   BY 

COLCHICINE TREATMENT.    Acad. Sei. URSS Compt. Rend.  (Dok.) 

22: 119-120. 

KOSTRIUKOVA,   K. 
1935. ON THE METHOD TO BE USED IN THE STUDIES OF LEAVES OF RUBBER- 

BEARING PLANTS. Jour. Inst. Bot. Acad. Sei. Ukraine 4: 3-13 

[Emer. Rubber Proj., Forest Serv. Rpt. 18.] 

726607—4" 14 



204      MISC.   PUBLICATION   618,   IT.  S.   DEPT.   OF  AGRICULTURE 

KOYALOVICH,  N.  B. 
1939.   KOLICHESTVENNOE OPREDELENIE KAUCHUKA V KORNEVYKH KATJCHUKO- 

NOSAKH.      [QUANTITATIVE   DETERMINATION   OF  RUBBER  IN  THE   ROOT 

OF   RUBBER-BEARING   PLANTS.]*    Kauchuk   i   Rezina   7:   26-29. 

[Emer. Rubber Proj., Forest Serv. Rpt. 19.] 

KRAFT, D. 
1935.   KOMPLEKSNAIA   PERERABOTKA   KAUCHUKONOSOV.      [COMPLEX   UTILIZA- 

TION  OF THE  RUBBER-BEARING PLANTS.]      Sovet.   Kauchuk 4: 44. 

KUPZOW, A. 
1935.   NAUCHNYE     OSNOVY     SELEKTSIONNOI     RABOTY     S     KAUCHUKONOSNYMI 

RASTENIIAMI.      [SCIENTIFIC    FOUNDATIONS    FOR    THE    SELECTION    OF 

RUBBER-BEARING PLANTS.]    Sovet. Kauchuk 4: 18-24. 

1937. SELEKTSIIA KAUCHUKONOSNYKH RASTENII. [SELECTION OF RUBBER- 

BEARING PLANTS.] Collection of papers No. 1, ed. by A. Kupzow, 

pp. 5-6. 

1942.   DIVISION OF LEAF BLADE IN KOK-SAGHYZ AS A CHARACTER OF BREEDING 

VALUE.    Acad. Sei. URSS Compt. Rend. (Dok.) 34: 22-26.    [Emer. 
Rubber Proj., Forest Serv. Rpt, 20.] 

1941. ÜBER DIE RELATIVE GRÖSSE DER WURZEL BEI IM ERSTEN LEBENSJAHRE 

BLÜHENDEN     EXEMPLAREN     VON     KOK-SAGHYZ.      Acad.     Sei.     URSS 

;, Compt. Rend. (Dok.) 30: 649-651. 
LARIMA, A. K. 

1944. USKORIT' VYVEDENIE KRUPNOKORUE PLODNYKH SORTOV KOK-SAGYZA. 

[SPEEDING UP THE CULTIVATION OF LARGE ROOT-CROP VARIETIES OF 

KOK-SAGHYZ.]    Sel'so (Ser. Kolkhoz Zeml.) 13: 3-4. 
XiEBEDEVA,   A.   P. 

1937. K MORFOLOGICHESKOÏ IZMENCHIVOSTI LIST'EV Y KOK-SAGYZA. SELEK- 

TSIIA  KAUCHUKONOSNYKH RASTENII.      [MORPHOLOGICAL VARIABILITY 

OF   KOK-SAGHYZ   LEAVES.]     Collection   of   papers   No.   1,  ed.  by 
A. Kupzow, pp. 28-38. 

LEPA, P. 
1940. IZ OPYTA PEREDOVIKOV KAUCHUKOVODSTVA. [FROM THE EXPERIENCE 

OF     SOME     PROGRESSIVE     GROWERS     OF     RUBBER-BEARING     PLANTS.] 

Sots. Sel'skoe Khoz. 1: 86-93. 
LESHCHINSKIï, Z. 

1932.   VSE VNIMANIE OSENNEMU SE VU.      [ALL OUR ATTENTION SHOULD BE PAID 

TO THE FALL SOWING.]    Sovet. Kauchuk 10: 3-4. 

LEVITT, J., and HAMM, P. C. 
1943. A METHOD OF INCREASING THE RATE OF SEED GERMINATION OF TARAXA- 

CUM KOK-SAGHYZ.    Plant physiol. 18: 288-293. 

LlUBARSKAIA, L. A. 
1939. VLIIANIE IONOV NH4 AND NO3 NA OBRAZOVANIE V RASTENII PRODUKTOV 

RAZNOI STEPENI OKISLENNOSTI. [THE EFFECTS OF IONS OF NH4 AND 

NO3 ON THE FORMATION IN A PLANT OF SUBSTANCES WITH DIFFERENT 

DEGREES OF OXIDATION.]    Khim. Sots. Zeml. 6: 43-45. 

«LlUBICH,  V. S. 
;      ,  1943.   OB   ORGANIZATSII  I  RAZVERTYVANII  KOLKHOZNOGO  KAUCHUKOVODSTVA. 

£{ I ¡[ORGANIZATION   AND   DEVELOPMENT   OF   KOK-SAGHYZ   RUBBER   CULTI- 

VATION ON THE COLLECTIVE FARMS.]    Kolkhoz. Proizvod 4: 7-8. 



RUSSIAN  DANDELION 205 

LUKOVNIKOV, E. K. 
1936. KRATKIE ITOGI RABOT PO IZUCHENIIU PITANIIA KAUCHUKONOSNYKH 

RASTENIÏ. [A BRIEF SUMMARY OF THE WORK DONE ON MINERAL 

NUTRITION     OF     RUBBER-BEARING     PLANTS.]      Khim.      Sots.      Zeml. 

6:56-71. 

1939. SRAVNITEL'NAIA KHARAKTERISTIKA KORNEVYKH KAUCHUKONOSOV PO 

OTNOSHENIIU IKH  K  OSNOVNYM  FAKTORAM  MINERAL'NOGO  PITANIIA. 

[A COMPARISON BETWEEN SEVERAL ROOT RUBBER-BEARING PLANTS 

WITH RESPECT TO THEIR MINERAL NUTRITION.] In Biochemistry 

and Physiology of Rubber-Bearing Plants. Collection of papers 

No. 2, ed. by A. A. Nichiporovich and A. A. Prokofev, pp. 70-79. 

LYSENKO, T. D. 
1943. RABOTY   V   DNI   VELIKOI    OTCHESTVENNOI   VOINY.      [RESEARCH   DURING 

THE DAYS OF THE  GREAT WAR FOR   THE   FATHERLAND.]      Sel'kllOZgiz, 

248 pp.    Moscow. 

MCGAVACK, J., and FAULKS, P. J. 
1945.   SYNTHESIS    OF    RUBBER   IN    KOK-SAGHYZ    ROOTS    DURING   STARVATION. 

Rubber   Age   58:   204-206.    [Typewritten,   Emer.   Rubber   Proj., 

Forest Ser v. Rpt. 111.] 

MANSKAYA, S. M., and POPOV., G. I. 
1944. K   VOPROSU   O    POVYSHENII    KAUCHUKONOSNOSTI    KOK-SAGYZA.      [CON- 

TRIBUTION   TO   THE   PROBLEM   OF   INCREASING   RUBBER   CONTENT   IN 

THE KOK-SAGHYZ.]    Acad. Sei. URSS Sei. Ser. Biol. Bul. 4: 187-192. 

MARTH, P. C, and HAMNER, C. L. 
1943. VEGETATIVE   PROPAGATION   OF  TARAXACUM  KOK-SAGHYZ   WITH  THE   AID 

OF GROWTH SUBSTANCES.    Bot. Gaz. 105: 35-48. 

MARTIN, G. 
1944. COMPETITIVE RUBBER PLANTS.    Roy. Soc. Arts Jour. 92: 146-155. 

MASHTAKOV, S. M. 
1939. QUALITATIVE VARIATIONS OF RUBBER IN THE ROOTS OF KOK-SAGHYZ 

IN THE SECOND YEAR OF VEGETATION. Acad. Sei. URSS Compt. 

Rend. (Dok.) 24: 509-512. [Emer. Rubber Proj., Forest Serv. 

Rpt. 26.] 

1945.   CHEMICAL    CHANGES    OCCURRING    IN    ROOTS    OF    KOK-SAGHYZ    DURING 

SUMMER   PAUSE.    Acad.   Sei.   URSS    Compt.   Rend.   (Dok.)    46: 

296-298. 

 BELCHIKOVA, N. P., and LEONOVA, M. I. 

1940.   FLOWERING AND  NON-FLOWERING PLANTS OF KOK-SAGHYZ   (TARAXACUM 

KOK-SAGHYZ   ROD.)       COMPARED   WITH   REFERENCE   TO   THEIR   INDUS- 

TRIAL   PRODUCTIVITY.    Acad.   Sei.   URSS   Compt.   Rend.   (Dok.) 

28: 264-266.    [Emer. Rubber Proj., Forest Serv. Rpt. 27.] 
MAXWELL, W. 

1944. SOVIET RUBBER.    Soviet Russia Today 13: 14-15. 

MAZANKO, F. P. 
1939. K    VOPROSU    O    FISIOLOGICHESKOÏ    ROLI    KAUCHUKA    U    TAU-SAGYZA    I 

KRYM-SAGYZA.      [ON   THE   PHYSIOLOGICAL   ROLE   OF   RUBBER   IN   TAU- 

SAGHYZ AND KRiM-SAGHYZ.]    Kauchuk i Rezina 6: 44-48. 

1940. CONSUMPTION    OF    THEIR    RUBBER    BY    CERTAIN    PLANTS.      Acad.    Sei. 

URSS Compt. Rend. (Dok.) 27: 838-840. 



206       MISC.   PUBLICATION   618,   U.  S.   DEPT.   OF  AGRICULTURE 

MEMMLER, K. [Ed.] 
1934. THE  SCIENCE  OF RUBBER.    Trans,  by  R.  F.  Dunbrook and  V.   N. 

Morris, pp. 770.    New York. 
MESHECHOK, B. I. 

1938. KOK-sAGHYZ   (A  RUBBER  PLANT)   RUSSIAN.    State   Publishers   White 

Russia, pp. 66.    Minsk. 

MIKHAILOV, N. N. 

1944. O VOZMOZHNOSTI ZAMENY SUPERFOSFATA FOSFORITNAL MUKOI POD 

KOK-SAGYZ V RAIONAKH PODZALISTYKH POCHV. [POSSIBILITIES OF 

SUBSTITUTING GROUND PHOSPHORITE FOR SUPERPHOSPHATE IN MA- 

NURING KOK-SAGHYZ ON PODZOL SOILS.] Vsesoiuzn. Akad. Selsk.- 

Khoz. Nauk im. V. I. Lenina, Dok. 9: 28-30. 

MILLINGTON. A. J. 

1943.   RUBBER  PRODUCTION IN  RELATION TO  WESTERN   AUSTRALIA.      PART   II. 

West Austral.    Dept. Agr. Jour. 20: 355-356. 
MILOVIDOV, Z. M. 

1940. VLIIANIE SVETOVOGO REZHIMA NA NAKOPLENIE KAUCHUKA I UGLEVODOV 

U KAUCHUKONOSNYKH RASTENII. [EFFECTS OF ILLUMINATION ON 

THE ACCUMULATION OF RUBBER AND OF CARBOHYDRATES IN RUBBER- 

BEARING PLANTS.] Vestnik Sel'sk.-khoz. Nauki, Tekhn. Kul'tury 
2:55-63. 

MININA, E. G., and VORONA, V. 
1939. VLIIANIE     TEKHNIKI     VNESENIIA     UDOBRENIIA     NA     FISIOLOGICHESKIE 

SVOÏSTVA I KAUCHUKONAKOPLENIE KOK-SAGYZA. [EFFECTS OF THE 

METHOD OF HOW FERTILIZER IS APPLIED ON THE PHYSIOLOGICAL 

CHARACTERISTICS AND ON THE ACCUMULATION OF RUBBER IN KOK- 

SAGHYZ.]     Khim. Sots. Zeml. 9: 31-36. 
MOLDENKE, HAROLD N. 

1943. NEW SOURCES OF RUBBER.    Nat. Hist. 52: 226-232. 
MOLOTKOVSKY, G. KH. 

1943.   ON    THE    VEGETATIVE    PROPAGATION    OF    THE    RUBBER    PLANTS    KOK- 

SAGHYZ    AND    KRiM-SAGHYZ.    Acad.    Sei.    URSS    Compt.    Rend. 
(Dok.) 40: 291-293. 

MYNBAEV, K. 
1940. PUTI     OKUL'TURIVANIIA     KOK-SAGYZA.      [THE     METHOD     OF     IMPROVED 

CULTIVATION   OF   TARAXACUM   KOK-SAGHYZ.]      Sovet.   AgrOIl.    11-12: 

63-68. 

1940. VNUTRIKLONOVAIA IZMENCHIVOST' MORFOLOGICHESKIKH PRIZNAKOV 

I SODERZHANIIA KAUCHUKA U KOK-SAGYZA V ZAVISIMOSTI OT USLOVIÏ 

VYRASHCHIVANIIA. [EFFECTS OF THE CONDITIONS OF CULTIVATION 

ON THE MORPHOLOGICAL CHARACTERISTICS AND RUBBER CONTENT 

WITHIN   A   SINGLE    CLONE    OF   KOK-SAGHYZ.]*      Sovet.    Plant    Indus. 

Rec. 2: 32-39.    [Emer. Rubber Proj., Forest Serv. Rpt. 33.] 

1940.   NOVYE    FORMY    KOK-SAGYZA.      [NEW    FORMS    OF    KOK-SAGHYZ.]      Sovet. 

Plant Indus. Rec. 1: 105. 

1941. ZA POLNOTSENNYE AGROUKAZANIIA I BROSHIURY, POMOGAIUSHCHIE 

POVYSHENIIU UROZHAIA KOK-SAGYZA. [ON THE SUBJECT OF AGRI- 

CULTURAL  ADVICE   AND   PAMPHLETS,   WHICH   HELP  TO   INCREASE   THE 

YIELD OF KOK-SAGHYZ.]    Obzory Sel'skokhoz Literatury 5: 31-36. 



RUSSIAN  DANDELION 207 

MYNBAEV, K.—Continued. 

1941. O VLIIANII SROKA SBORA SEMIAN NA KAUCHUKONAKOPLBNIE V POTOM- 

STVE. [EFFECTS OF THE TIME OF SEED COLLECTION UPON THE 

ACCUMULATION   OF   RUBBER   IN   THE    OFFSPRING.]*      ÍArOvizatsÜa   3: 

29-31.    [Emer. Rubber Proj., Forest Serv. Rpt. 31.] 

1942.   NOVYE  METODY  SELEKTSII KOK-SAGYZA.      [NEW  METHODS  OF BREEDING 

KOK-sAGHYz.]    Lenin Acad. Agr. Sei. USSR Proc.    1-2: 24-32. 

NARYSHKINA, E. 

1935. KOK-SAGYZ V SVIAZI S METEOROLOGICHESKIMI USLOVIIAMI. [THE 

EFFECTS  OF  METEOROLOGICAL  CONDITIONS  ON  KOK-SAGHYZ.]      Sovet. 

Kauchuk 1: 39-43. 

NAYASHIN, M. S., and GERASSIMOVA, HELEN. 

1940. PRODUCTION    OF    POLYPLOIDS    BY    ADMINISTERING    COLCHICINE    SOLU- 

TION VIA ROOTS.    Acad. Sei. URSS Compt. Rend. (Dok.) 26: 681-683. 

 GERASSIMOVA, E. N., and CHEREDNICHENKO, A. F. 

1945.   TETRAPLOID   KOK-SAGHYZ   AS   A   VARIETY   OF   IMPROVED   PRODUCTIVITY. 

Acad. Sei. URSS Compt. Rend. (Dok.) 47: 432-435. 

NEUMAN, P. 

1941. DRYING    AND    STORAGE    OF    DRIED    KOK-SAGHYZ    ROOTS.      Kauchuk    Î 

Rezinaö: 20-22. 

NICHIPOROVICH, A. A. 

1937. VLIIANIE MINERAL'NOGO PITANIIA NA OBRAZOVANIE I NAKOPLENIE 

KAUCHUKA V RASTENIIAKH. [THE EFFECTS OF MINERAL NUTRITION 

ON THE SYNTHESIS AND ACCMULATION OF RUBBER IN PLANTS.]     Trudy 

Moskovskogo Doma Uchenykh 1: 73-89. 

1944. LATEX  SYSTEM  IN  KOK-SAGHYZ  AS  A  SYSTEM  FOR  CONTROLLING WATER 

ECONOMY OF THE PLANT.   Acad. Sei. URSS Compt. Rend. (Dok.) 42: 

190-193. 

1945. LACTIFEROUS SYSTEM AS ONE REGULATING THE COURSE AND DIRECTION 

OF BIOCHEMICAL PROCESSES IN PLANTS.    Acad. Sei. URSS Compt. 

Rend. (Dok.) 47: 142-145. 

 and IVANITZKAJA, E. F. 

1944. ON THE RELATION BETWEEN LEAF DEVELOPMENT AND FORMATION OF 

LACTIFEROUS  VESSELS IN  ROOTS   OF   KOK-SAGHYZ   AND   KRIM-SAGHYZ. 

Acad. Sei. URSS Compt. Rend. (Dok.) 44: 33-36. 

 and IVANITSKAJA, E. F. 

1945. ON THE WORKING CONDITIONS OF THE FOLIAGE AS A FACTOR OF DIFFER- 

ENTIATION   OF   LATIFEROUS VESSELS   IN   KOK-SAGHYZ   ROOTS.       Acad. 

Sei. URSS Compt. Rend. (Dok.) 46: 36-39. 

NOVIKOV, V. 

1932.   PUTI     GENEZISA     KAUCHUKA.      [SYNTHESIS     OF     RUBBER     IN     PLANTS.] 

Sovet. Kauchuk 2: 15-17. 

ORDYNSKII, M. S. 

1932. ZADANIIA-ZAKAZY IZOBRETATELIAM PO MEKHANIZATSII KAUCHUKONOS- 

NYKH KUL'TUR. [INSTRUCTIONS AND ORDERS TO THE INVENTORS OF 

MACHINES FOR VARIOUS RUBBER-BEARING PLANTS.]      Sovet. Kauchuk 
5: 21-32.      * 



208       MISC.   PUBLICATION   618,   U.  S.   DEPT.   OF  AGRICULTURE 

PAVLOV, N. V. 
1937. KAUCHUKONOSNYE RASTENIIA ZAPADNOGO TIAN'SHAN'IA. [RUBBER- 

BEARING   PLANTS   OF   WESTERN   TIAN-SHAN.]      Appl.   Bot.,   Genet.   & 

Plant Breed. Bul. 2: 255-302. 

PODDUBNAJA-ARNOLDI, V., and DIANOVA, V. 
1937. KHARAKTER RAXMNOZHENIIA NEKOTORYKH KAUCHUKONOSNYKH I NE 

KAUCHUKONOSNYKH VIDOV RODA TARAXACUM L. [CHARACTER OF 

PROPAGATION IN SOME  SPECIES OF THE  GENUS TARAXACUM L.]       Bot. 

Zhurnal22: 267-295. 

1939.   EMBRYOGENESIS IN REMOTE HYBRIDIZATION IN THE GENUS TARAXACUM. 

Acad. Sei. URSS Compt. Rend. (Dok.) 24: 382-385. 

PODOBED,  G. 
1939. IZ OPYTA STAKHANOVTSEV-KAUCHUKOVODOV TUL'SKOÏ OBLASTI. [EX- 

PERIENCE OF SOME STAKHANOVTSI RUBBER-GROWERS IN THE PROVINCE 

OF TULA.]    Sots. Sel'skoe Khoz. 1: 128-130. 

POLOVENKO, I. 
1941. o RATSIONAL'NOM RAZMESCHCHENII  POSEVOV KOK-SAGYZA.    [ON THE 

RATIONAL DISTRIBUTION OF PLANTATIONS OF KOK-SAGHYZ IN VARIOUS 

GEOGRAPHICAL REGIONS.]    Sots. Sel'skoe Khoz. 2: 64-73. 

 and LIUBICH, V. 
1941.   ORGANIZATSIIA    UBORKI    KOK-SAGHYZ.      [ORGANIZATION     OF    THE    HAR- 

VESTING OF KOK-SAGHYZ.]    Sots. Sel'skoe Khoz. 12: 22-25. 

POPOV, A. S. 
1941. "POSLEDEïSTVIE"   USLOVII    MINERAL'NOGO    PITANIIA   KOK-SAGYZA   v 

NACHALNYÏ   PERIOD   NA   EGO   DAL'NEISHEE   PITANTE ["THE   AFTER- 

EFFECT"   OF  THE   CONDITIONS  OF  MINERAL  NUTRITION IN THE  EARLY 

STAGES OF LIFE OF KOK-SAGHYZ ON THE LATER STAGES OF ITS DEVEL- 

OPMENT.]    Khim. Sots. Zeml. 4: 14-21. 

POPOV, G. I. 
1942. VLIIANIE      USLOVII     KUL'TURY     NA     STROENIE     KORNEÏ     KOK-SAGYZA. 

[EFFECTS  OF THE  CONDITIONS  OF CULTIVATION ON KOK-SAGHYZ ROOT 

STRUCTURE.]    Lenin   Acad.   Agr.   Sei.   USSR   Proc.   11-12: 14-17. 

POPTSOV, A. 
1934. K   VOPROSU   O    "STRATIFIKATSII."      [ON   THE    SUBJECT    OF   STRATIFICA- 

TION.]    So vet. Kauchuk 5: 16-24. 

PROKOF'EV, A. A. 
1935. RASPREDELENIE   KAUCHUKA   V   KAUCHUKONOSAKH.      [LOCALIZATION   OF 

RUBBER   IN   RUBBER-BEARING   PLANTS.]      Sovet.   Kauchuk   1:   19-23. 

1935. INSTRUKTSIIA DLIA MIKROSKOPISTA-UCHASTNIKA EKSPEDITSII PO 

POISKAM NOVYKH KAUCHUKONOSOV. [INSTRUCTIONS FOR A MICRO- 

SCOPIST, WHO IS A MEMBER OF AN EXPEDITION IN SEARCH OF SOME 

NEW RUBBER-BEARING PLANTS.]      Sovet.  Kauchuk 3:  37-41. 

1939.   OBRAZOVANIE    KAUCHUKA    V   RASTENIIAKH.      [RUBBER    FORMATION    IN 

PLANTS.]    Acad. Sei. URSS Sei. Ser. Biol. Bul. 6: 908-923. 

1940.   BIOLOGICHESKAIA   FOL'    KAUCHUKA.      [BIOLOGICAL    ROLE    OF   RUBBER.] 

Acad. Sei. URSS Sei. Ser. Biol. Bul. 4: 589-607. 



RUSSIAN  DANDELION 209 

PROKOF'EV, A. A. T-DOG    r< 
1940.   WHAT CONDITION IS RUBBER IN PLANTS.      Acad. feCl.      U Kbb     Oompt, 

Rend. (Dok.) 28: 817-819. 

1944.   ON   THE   POSSIBILITY   OF   RUBBER   FORMATION   BY   PLANTS   ON   HETERO- 
TROPHIC     NUTRITION     AVITH     CARBOHYDRATES.      Acad.     Sei.     URSS 

Compt. Rend. (Dok.) 43: 170-173. 

1944.   ON   THE   SYNTHESIS   OF   RUBBER   IN   PLANTS.      11!   ON   THE   PROBABILITY 
OF RUBBER MIGRATION IN PLANTS.    Acad. Sei. URSS Compt. Rend. 

(Dok.) 44: 162-164. 

1944. ON THE SYNTHESIS OF RUBBER IN PLANTS,    HI: PHOTOSYNTHESIS AND 

RUBBER FORMATION IN PLANTS.    Acad. Sei. URSS Compt. Rend. 

(Dok.)   45: 307-309. 

PROVOROV, V. 
1935. EKSTRAKTSIIA RASTVORITELIAMI KAUCHUKA IZ KAUCHUKONOSOV. 

[EXTRACTION   OF   RUBBER  FROM  RUBBER-BEARING  PLANTS  BY  MEANS 

OF SOLVENTS.]    Sovet. Kauchuk 3: 26-34. 

RISCHKOV, V. L. 
1943. KOK-SAGHYZ YELLOWS.    Acad. Sei. URSS Compt. Rend.  (Dok.)  41: 

90-92. 
ROGOV, N. A., MAGIDOV, I. A. 

1939.   SHYNY     IZ     KOK-SAGYZA.      [AUTOMOBILE     TIRES     FROM     KOK-SAGHYZ.] 

Kauchuk i Rezina 10: 50-53. 
RUDENSKAJA,   V.   J. 

1938 ANATOMICAL PREMISES FOR BREEDING LARGE ROOTED FORMS OF KOK- 
SAGHYZ. Acad. Sei. URSS Compt. Rend. (Dok.) 20: 617-620. 
[Emer. Rubber Proj., Forest Serv. Rpt. 45.] 

SAKHAROV, L. J 

1939. ZA BYSTREÏSHEE RESHENIE PROBLEMY SOVIETSKOGO NATURAL NOGO 

KAUCHUKA.      [FOR    A    QUICK    SOLUTION    OF    THE    PROBLEM    OF    THE 

SOVIET NATURAL RUBBER.]    Sovet. Agron. 6: 27-30. 

1940.   KUL'TURA   KAUCHUKONOSOV   V   S.   S.   S.   R.      [CULTIVATION   OF   RUBBER- 

BEARING PLANTS IN THE u. s. s. R.]    Sots.  Sel'skoe Khoz.  11-12: 

89-97. 
SAMOILOV, I. 

1944.   NEKOTORYE      NABLÍUDENIÍA      I      OPYTY      PO      KUL'TURE       KOK-SAGYZA. 

[SOME   OBSERVATIONS  AND  EXPERIMENTS  ON  KOK-SAGHYZ   GROWING.] 

Vsesomzn. Akad. Selsk.-Khoz. Nauk im. V. I. Lenina, Dok. 9: 9-12. 

SAVINSKY, P. I. 
1938. KORNEVAIA    GNIL    I    UVIADANIE    TAU-SAGYZA    I    KOK-SAGYZA.      [ROOT 

DECAY   AND   WITHERING   OF   TAU-   AND   KOK-SAGHYZ.]      In   ParaSites 
and Diseases of Rubber-Bearing Plants.    Collection of papers No. 
2, ed. by N. A. Emelianova, pp. 146-159. 

SHELEPINA, L. 
1939. KLEI iz KOK-SAGYZA.    [GLUE FROM KOK-SAGHYZ.]    Kauchuk i Rezina 

4-5: 42. 



210       MISC.   PUBLICATION   618,   U.   S.   DEPT.   OF   AGRICULTURE 

SHINGAREV,  M. 

1932. MEKHANIZATSIIA KAUCHUKONOSNYKH KUI/TUR. [MECHANIZATION OF 

CULTIVATION   OF   RUBBER-BEARING   PLANTS.]      Sovet.    KaUChuk    11- 
12: 9-12. 

1934. MEKHANIZATSIIA SEL'SKO-KHOZAISTVENNYKH PROCESSOV KAUCHU- 

KONOSNYKH KUL'TUR. [MECHANIZATION OF THE VARIOUS AGRICUL- 

TURAL PROCEDURES OCCURRING IN THE CULTIVATION OF RUBBER- 
BEARING PLANTS.]    Sovet. Kauchuk 1: 6-9. 

SlNIAVSKIÏ,   D. 

1936.  NATURAL'NYE    SOVIETSKIE    KAUCHUKI   KAK   SYR'E   DLIA   REZINOVOÏ 

PROMYSHLENNOSTI    BLIZHAÏSHEGO     PIATILETIIA.      [SOVIET     NATURAL 

RUBBER    AS    RAW    MATERIAL    FOR    THE    RUBBER    INDUSTRY    DURING 

THE   NEXT  FIVE   YEARS.]    Zhurnal  Rezinovoï  Promyshlehnosti   6' 
656-665. 

1938. GEVEIA    i    KOK-SAGYZA.    [HEVEA    AND    KOK-SAGHYZ.]    Kauchuk    i" 
Rezina 1: 18-23. 

SIROTKIN,  M. 

1934.   USKORENIE   FAZY   PLODONOSHENNIIA   KOK-SAGYZA.      [ACCELERATION   OF 

THE FRUITING STAGE IN KOK-SAGHYZ.]    Sovet. Kauchuk 5: 26-30 
Sisov, I. P. 

1939. K   VOPROSU   O   SROKAKH   POSEVA   KOK-SAGYZA.      [ON   THE   SUBJECT   OF 

TIME,     WHEN    KOK-SAGHYZ    SHOULD    BE    SOWN.]      Sovet.    AgFOll     6: 
44-45. 

SKABRILOVICH, T. S. 

1938. NEMATODY ANGUILLULINA PRATENSIS, ANGUILLULINA MULTICINCTA I 

APHELENCHUS AVENAE I IKH OTNOSHENIE K KAUCHUKONOSAM TAU- 

SAGYZ, KOK-SAGYZ I KRYM-SAGYZ. [THE NEMATODES ANGUILLULINA 

PRATENSIS (DE MAN), ANGUILLULINA MULTICINCTA (COBB) AND 

APHELENCHUS AVENAE BASTIAN AND THEIR RELATION TO THE RUB- 

BER-BEARING   PLANTS  TAU-SAGHYZ,   KOK-SAGHYZ   AND   KRIM-SAGHYZ. 

Collection of papers No. 2, ed., by N. A. Emelianova, pp. 87-90. 
SOBOLEVSKAYA,   O.  J. 

1944.   RUBBER FORMATION IN  ROOTS  OF KOK-SAGHYZ  DUG UNDER  CONDITIONS 

OF   IMPEDED   GAS   EXCHANGE.    Acad.   Sei.   URSS   Compt.   Rend. 
(Dok.) 44: 392-395. 

SPICER, R. E. 

1933. RUBBER IN SOVIET RUSSIA.    India Rubber World 87: 39-41. 
STAROSEL'SKIï, IA. IU. 

1940. SPOSOBY VNESENIIA UDOBRENII POD KOK-SAGYZA. [DIFFERENT METH- 

ODS FOR THE APPLICATION OF FERTILIZERS FOR KOK-SAGHYZ.]      Vest- 
nik Sel'sko-khoz. Nauki, Tekhn. Kul'tury 2: 45-54. 

STEPANOV, G. P. 

1935. PREDPOSYLKI K ORGANIZATSII SEVOOBOROTOV V KAUCHUK-PROM- 

KHOZAKH.      [PREMISES  FOR THE ORGANIZATION OF CROP ROTATION ON 
COMMERCIAL RUBBER FARMS.]    Sovet. Kauchuk 3: 5-9. 

STOLBIN, P. A. 

1935. OB UPROSHCHENOM SPOSOBE OTSENKI KOK-SAGYZA NA KAUCHUKONOS- 

NOST' DLIA SELEKTSIONNYKH TSELEI. [A SIMPLIFIED METHOD FOR 

THE DETERMINATION OF RUBBER IN KOK-SAGHYZ.]*      Sovet. Kailchuk 
2: 19-21.    [Emer. Rubber Proj., Forest Serv. Rpt. 47.] 



RUSSIAN  DANDELION 211 

STOVICHEK, L. N. 
1938. DEÏSTVIE     MEDNYKH    PREPARATOV    NA     SEMENA    TAU-SAGYZA    I     KOK- 

SAGYZA.      [THE   ACTION   OF   COPPER  PREPARATIONS  ON  THE   SEEDS   OF 

TAu-SAGHYZ AND KOK-SAGHYZ.]    Collection of papers No. 2, ed. by 

N. A. Emelianova, pp. 139-145. 
TIKHOVSKAIA, Z. P. 

1939. IZMENENIE     OSMOTICHESKIKH     CONTSENTRATSIÏ     KLETOCHNOGO     SOKA 

KORNEVYKH KAUCHUKONOSOV KAK PRICHINA UKHODA IKH V PERIOD 

POKOIA. [CHANGES IN THE OSMOTIC CONCENTRATIONS OF THE CELL 

SAP  IN  THE  ROOT   RUBBER-BEARING  PLANTS,   AS  A   CAUSE   FOR  THEIR 

PERIOD OF REST.] Collection of papers No. 2, ed. by A. A. Nichi- 

porovich, and A. A. Prokof'ev, pp. 79-89. 

TUGARINA,   A.   P.,   AND   MERKULOVA,   K.   T. 

1939.   REZINOVYE NITI IZ SOVIETSKIKH KAUCHUKOV.       [RUBBER THREADS FROM 

THE SOVIET RUBBER.]    Kauchuk i Rezina 4-5: 86-88. 

TVERSKAIA,   S.   S.,   AND   loSSA,   M.   M. 

1939. NEMEDLENNO      PERESTROIT'      TEKHNOLOGIIU      KAUCHUKONOSOV. [TO 

CHANGE      IMMEDIATELY     THE      TECHNOLOGY      OF      RUBBER-BEARING 

PLANTS.]*    Kauchuk  i   Rezina   2:   84-88.    [Emer.   Rubber   Proj., 

Forest Serv. Rpt. 50.] 
UPHOF, J. C. TH. 

1945.   CERTAIN   MINOR   RUBBER-PRODUCING   PLANTS   IN   THE   WESTERN   HEMI- 

SPHERE DURING TIMES OF EMERGENCY.    Plants and Plant Science 
in Latin America pp. 201-202.    Waltham, Mass. 

VASIL'EV, N. I. 

1940. MEKHANIZATSIIA   REZANIIA   KORNE!    KOK-SAGYZA   I   IKH   FISIKOMEKHA- 

NICHESKIIA SVOISTVA. [MECHANIZATION OF THE PROCESS OF CUTTING 

KOK-SAGHYZ    ROOTS,    AND    ALSO    THEIR   PHYSICAL   AND    MECHANICAL 

CHARACTERISTICS.]    Kauchuk i Rezina 7: 44-48. 
WARMKE, II. E. 

1942.   THE CYTOLOGY AND BREEDING BEHAVIOUR OF THE RUSSIAN DANDELION, 

TARAXACUM KOK-SAGHYZ.    [Abstract.]    Amer. Jour. Bot. 29. Suppl. 

1944.   SELF-FERTILIZATION   IN   THE    RUSSIAN    DANDELION,    TARAXACUM    KOK- 

SAGHYZ.     Amer. Nat. 78: 285-288. 

1944.   THE   EFFECT  OF  TETRAPLOIDY  ON  ROOT  WEIGHT  AND   RUBBER  CONTENT 

IN THE RUSSIAN DANDELION.   Amer. Jour. Bot. 31: 6s-7s.   [Abstract.] 
WHALEY, W. G. 

1944. WESTERN HEMISPHERE NATURAL RUBBER.    Torreva 44: 17-29. 
WOODCOCK, E. F. 

1946.   LATEX-TUBE AREAS OF ROOTS AND LEAVES OF THE RUSSIAN DANDELION. 

Jour. Agr. Res. 72: 297-300. 

ZABOTKIN, D. 

1935.   SOZDANIE  POLNOTSENNYKH  PLANTATSII.      [ORGANIZATION  OF EFFICIENT 

PLANTATIONS.]    Sovet. Kauchuk 1: 29-30. 
ZAïTSEVA, A. 

1934.   K   POSTANOVKE   RABOT   PO   UDOBRENIIAM   V   SISTEME   V.   N.   I.   I.   I.   I   G. 

[WORK   ON  FERTILIZERS  IN  THE   ALL-UNION  RESEARCH  INSTITUTE   OF 

RUBBER AND GUTTA-PERCHA.]    Sovet. Kauchuk 1: 12-13. 



212      MISC.   PUBLICATION   618,   U.  S.   DEPT.   OF AGRICULTURE 

ZAITSEVA, A. 
1944. KHIMICHESKIE MERY BOR'BY S KOKSAGYZNOÏ RZHOVCHINOÏ. [CHEMICAL 

METHODS      OF      KOK-SAGHYZ      RUST      CONTROL.]      VseSCÎUZIl.      Akad. 

Selsk.-Khoz. Nauk im. V. I. Lenina, Dok. 9: 45-47. 
ZELINSKY, N. D., and RAPOPORT, J. B. 

1940. GIDRODEPOLIMERIZATSIIA KAUCHUKA. NOVYE DANNYE O KHIMICHESKOÏ 

PRIRODE KAUCHUKA V SVIAZI S GENEZISOM EGO V RASTENIIAKH. 

[HYDRODEPOLYMERIZATION OF RUBBER. NEW DATA ON THE CHEMICAL 

NATURE   OF   RUBBER  IN   CONNECTION  WITH  ITS   GENESIS  IN  PLANTS.] 

Acad. Sei. URSS Sei. Chim. Bul. 5: 681-690. 
ZoTov, V. D. 

1943.   RUBBER   PRODUCTION   IN   NEW   ZEALAND.      TRIALS    WITH   KOK-SAGHYZ. 

New Zeal. Jour. Agr. 67: 75, 77-78. 

O 


